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Exploring Ergonomics Application in Hospitals Planning 
and Design Projects in Gaza Strip 
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Purpose: The purpose of this research study was to explore ergonomics application in 
hospitals planning and design projects in Gaza Strip in Palestine, in order to improve 
safety, health, and performance of healthcare providers. Four objectives have been 
outlined which includes: (i) to assess the awareness level of architectural hospitals 
planners and designers about ergonomics design factors in hospitals planning and design 
projects, according to their importance and application; (ii) to identify the benefits of 
ergonomics application in hospitals planning and design projects; (iii) to investigate the 
barriers those face ergonomics application in hospitals planning and design projects; and 
(iv) to evaluate ergonomics application in the existence Gaza city hospitals from the 
perspective of healthcare providers. 
Methodology: A quantitative survey was used in this research. Two questionnaires were 
used that were: (i) hospitals planners and designers questionnaire (snowball sample, 32 
respondents); and (ii) healthcare providers questionnaire (cluster sample, 392 
respondents). Collected data have been analyzed using the quantitative data analysis 
techniques through the Statistical Package for Social Science (SPSS) IBM version 20. 
Findings: The results from hospitals planners and designers questionnaire revealed that 
the awareness level of hospitals planners and designers about the importance of 
ergonomics design factors is extremely high. Ergonomics design factors are often 
applied in hospitals planning and design projects. The study findings revealed that 
ergonomics application benefits are significantly valuable for patients, healthcare 
providers, and hospitals management, respectively. The most valuable benefit is rapid 
healthcare services introducing to patients. Ergonomics barriers are greatly affecting the 
application of ergonomics design factors in hospitals planning and design projects in Gaza 
Strip. The top barrier for ergonomics application is the existence of hospital buildings that 
need expanding. The results from healthcare providers’ questionnaire indicated that most of 
healthcare providers encountered difficulties during their work through some hospitals’ 
spaces. In addition, the surveyed healthcare providers have neutral opinion about the 
situation of ergonomics design factors application in the existence hospitals in Gaza.  
Recommendations: The research study recommended to prepare guidelines for 
hospitals design standards with ergonomics considerations, prepare a master ergonomics 
program for hospitals buildings in Gaza Strip, rehabilitate the existence hospitals in 
Gaza Strip with ergonomics concept, and train and educate hospitals planners and 





مدى تطبيق هندسة العوامل البشرية في مشاريع تخطيط وتصميم المستشفيات  سةدراإلى  هدف هذا البحثي الغرض:
. وقد تم ذلك من خالل الطواقم الطبية أداءتحسين سالمة، صحة، و في قطاع غزة في فلسطين وذلك من أجل 
في مشاريع  هندسة العوامل البشريةب المهندسين المعماريين معرفة تقييم مستوى: )أ( أربعة أهداف فرعية وهيتحقيق 
من خالل أهميتها وتطبيقها في قطاع غزة، )ب( تحديد أهم فوائد تطبيق هندسة  ط وتصميم المستشفياتتخطي
العوامل البشرية في مشاريع تخطيط وتصميم المستشفيات في قطاع غزة، )ج( التحقق من المعيقات التي تواجه 
ستشفيات في قطاع غزة، و)د( تقييم الوضع الحالي تطبيق هندسة العوامل البشرية في مشاريع تخطيط وتصميم الم
 لتطبيق هندسة العوامل البشرية في المستشفيات القائمة في مدينة غزة من وجه نظر الطواقم الطبية. 
تم اختيار البحث الكمي وذلك باستخدام اثنين من االستبانات وهي: )أ( استبانة المهندسين الذين  منهجية البحث:
 ، )ب( استبانة الطواقم الطبية(مهندس أجابوا على االستبانة 23، عينة كرة الثلج) وتصميم المستشفياتشاركوا في تخطيط 
طبيب وممرض أجابوا على  293، والتي استهدفت األطباء والممرضين العاملين في مستشفيات قطاع غزة )عينة عنقودية
 (.IBM20)االصدار SPSSت المغزى باستخدام برنامج تم تحليل البيانات كميًا الستنباط النتائج ذا ، حيث(االستبانة
المستشفيات إلى أن مستوى  ا في مشاريع تخطيط وتصميمالمهندسين الذين شاركو ستبانة أشارت نتائج ا النتائج:
نتائج الكما أظهرت غالبًا من قبلهم. تم تطبيقها ويجدًا  عناصر تطبيق هندسة العوامل البشرية مرتفعبأهمية  معرفةال
قيمة كبيرة للمرضى،  اتذ تطبيق هندسة العوامل البشرية في مشاريع تخطيط وتصميم المستشفياتفوائد أن ًا أيض
دارة المستشفى على التواليالطواقم الطبي أكثر الفوائد قيمة هي سرعة تقديم الخدمات الطبية خاصة في ، وأن ة، وا 
في  البشريةعرقل بدرجة كبيرة تطبيق هندسة العوامل وجود حواجز تمن ناحية أخرى أظهرت النتائج  .حاالت الطوارئ
وجود مباني قائمة هو أن العائق الرئيسي لتطبيق هندسة العوامل البشرية و ، وتصميم المستشفيات مشاريع تخطيط
أما بالنسبة الستبانة الطواقم الطبية فقد أظهرت النتائج أن معظم األطباء . للمستشفى في مشاريع التوسعة
الذين تم  أن األطباء والممرضينو خل فراغات المستشفيات في غزة اخالل العمل دات يواجهون صعوبرضين والمم
 لديهم رأي محايد حول الوضع الحالي لعناصر هندسة العوامل البشرية في مستشفيات مدينة غزة القائمة.  استهدافهم
وذلك من  وامل البشرية في قطاع غزة،هناك حاجة للعديد من الجهود من أجل تحسين تطبيق هندسة الع التوصيات:
إعداد كتيبات توضح المعايير التصميمة الخاصة بهندسة العوامل البشرية، مراجع و إعداد  ة:خالل التوصيات التالي
إعادة تأهيل المستشفيات في مدينة برنامج رئيسي لتطبيق هندسة العوامل البشرية في مباني مستشفيات قطاع غزة، 
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This chapter presents a general introduction to the research study, which 
introduces an overview about health services in Gaza Strip. It also provides problem 
statement, research aim, research objectives, research questions, importance of the 
research, and its boundaries. Finally, chapter one shows research methodology, and 
research organization.  
1.1. Health services situation in Gaza Strip 
Healthcare sector in Gaza Strip is composed of: (i) primary healthcare represented 
in clinics; and (ii) secondary healthcare represented in hospitals (Health Cluster in the 
Occupied Palestinian Territory, 2014). Ministry of health (MOH) is considered the main 
provider of secondary healthcare in Gaza Strip. It defined hospital as a place prepared to 
receive patients for more than one day for diagnosis or treatment. Hospitals were 
classified according to different criteria, that were (Ministry of health, 2015):  
 MOH structure: 
- Medical complex: that includes more than one hospital, each one has a 
different specialization from other. 
- Big hospital: the approved beds capacity of big hospital is equal or more 
than 101 beds. 
- Small hospital: the approved beds capacity of small hospital is equal or 
less than 100 beds. 
 Hospital specialization: 
- General hospital: it is a hospital that has all capabilities to provide 
secondary medical care in the basic branches of medicine, such as “Shifa 




- Specialized hospital: it is a hospital that has all capabilities to provide 
secondary medical care in one specialty such as “Eyes Hospital” in Gaza 
city in Palestine. 
 Supervision agency: 
- Hospitals supervised by MOH, such as “Shifa Complex Hospital” in Gaza 
city. 
- Hospitals supervised by Ministry of interior (MOI), such as “Jordanian 
Field Hospital” in Gaza city. 
- Hospitals supervised by non-governmental organizations (NGOs), such as 
“Public Aid Hospital” in Gaza city. 
- Private hospitals supervised by private sector not follow NGOs. 
The number of hospitals in Gaza Strip is 30 hospitals. There are 13 hospitals 
supervised by MOH, 14 hospitals supervised by NGOs, and 3 hospitals supervised by 
MOI. Where private sector and the United Nation Relief and Works Agency for 
Palestine and Refugees in Near East (UNRWA) do not operate hospitals in Gaza Strip 
(MOH, 2016). The distribution of healthcare facilities according the supervision agency 
is showed in table 1.1, while table 1.2 presents the distribution of hospitals and beds 
among Gaza Strip governorates. 
Table (1.1): The distribution of healthcare facilities according to the supervision 
agency 
Supervision agency 
Number of primary 
healthcare facilities 
Number of secondary 
healthcare facilities 
MOH 53 13 
MOI 4 3 
NGOs 19 14 
UNRWA 21 0 
Total 97 30 




Table (1.2): The distribution of hospitals and beds among Gaza Strip 
 governorates Governorate Number of hospitals Number of beds 
North 5 356 
Gaza 15 1,381 
Middle 2 205 
Khan yonis 5 710 
Rafah 3 164 
Total 30 2,816 
Source: MOH (2016) 
According to Health Cluster in the Occupied Palestinian Territory (2014), the 
health sector was in a dire situation. Because of the following: the Israeli blockade 
leading to limited quality of health service provision, severe deterioration of medical 
equipment and inability to appropriately maintain equipment, and the delays in the 
reconstruction of hospitals and health centers that were destroyed in the successive wars 
in the Gaza Strip, and the difficult financial situation. In a research aimed to study the 
development mechanisms of surgery departments at Gaza Strip hospitals. Abd El Aal 
(2014) illustrated the hard situation of surgery suites in Gaza Strip hospitals, and their 
needs to improve in order to achieve efficiency.  
Through a questionnaire survey directed to the maintenance departments in the 13 
governmental hospitals, El Shorafa (2013) studied the maintenance performance 
indicators in order to control the operation of hospitals buildings maintenance in the 
Gaza Strip. She found that 83.30% of the maintenance departments in hospitals 
buildings is getting better during the last 2 years. In addition, the annual maintenance 
expenditure for the maintenance healthcare facilities in Gaza Strip is lag far behind. It 
was $13.8 per m2, which is under the standard level of expenditure, which indicated low 
budgetary investment.  
Khadhr (2010) conducted a study to explore the impact of built environment of 
Shifaa Medical Complex on its internal movement in Gaza Strip. Several factors related 




in order to achieve the research aim. The factors were: external corridors among the 
complex buildings, landmarks, neighborhoods, borders, architectural design of buildings 
elevations, entrances, openings, color of finish buildings, texture, open spaces and green 
areas, signs and written symbols, and street furniture. She found that most of the factors 
of the built environment have not achieved wayfinding to the desired shape, and the 
arrangement of space and the relationship between these buildings do not give clear 
vision for the users.  
1.2. Problem statement 
Designing healthcare buildings included hospitals presents a complex challenge 
for architects (Hignett and Lu, 2009). Any hospital planning and design project must be 
directed for safety, health and performance. Ergonomics is needed to be the choice and 
considered in planning and design hospitals for healthcare providers. The complexity of 
the health care environments necessitates a holistic and systematic ergonomics approach 
to understand the potential for accidents and errors to occur (Buckle et al., 2006). 
Healthcare providers have direct participation in the safety of patients. Therefore, it is 
essential to understand the conditions and complexities of the working environment in 
which healthcare providers work and that may compromise the quality of care delivery, 
especially about interruptions of the activities performed by healthcare providers 
(Monteiro et al., 2015). 
World Health Organization (2009) assessed Gaza Strip hospitals. It highlighted the 
following weaknesses: lack of space for healthcare providers and patients, lack of family 
support, lack of privacy, neglected maintenance of equipment and tools, very poor and 
high-risk infection control, and lack of standardization. United Nations Office (2014) 
added the reduction in total hospital bed capacity in Gaza. Gilbert (2014) referred that 
the physical working environment in Gaza Strip hospitals, the healthcare providers’ 
offices, resting places and patients’ rooms are in poor shape and standards. During the 
last Israeli war in Gaza Strip on 2014, there were 17 hospitals and 26 centers for primary 
care were damaged (MOH, 2014), at the time that many healthcare facilities suffers from 




whether construction of new facilities or renovation to improve the health services that 
provided to citizen. 
Therefore, there is a need to ascertain the ergonomics design factors that need to 
be considered in hospitals planning and design in order to facilitate healthcare providers 
work and improve their safety and health. According to the direction of donors that 
enhance health sector in Gaza Strip by funded many health projects, there is a need to 
determine barriers hindered ergonomics application in hospitals in Gaza Strip.  
1.3. Research aim and objectives 
Research aim: “To explore ergonomics application in hospitals planning and 
design projects in Gaza Strip in Palestine, in order to improve safety, health, and 
performance of healthcare providers”.  
Research objectives: the aim was broken down into the following four objectives: 
(1) To assess the awareness level of architectural hospitals planners and designers 
about ergonomics design factors in hospitals planning and design projects in 
Gaza Strip, according to their importance and application. 
(2) To identify the benefits of ergonomics application in hospitals planning and 
design projects in Gaza Strip. 
(3) To investigate the barriers those face ergonomics application in hospitals 
planning and design projects in Gaza Strip. 
(4) To evaluate ergonomics application in the existence Gaza city hospitals from 
the perspective of healthcare providers. 
1.4. Key research questions 
RQ 1: Are hospitals planners and designers aware about the importance of 
ergonomics design factors? 
RQ 2: What are the most important ergonomics design factors from hospitals 
planners and designers perception?  





RQ 4: What are the most applied ergonomics design factors from hospitals planners 
and designers perception? 
RQ 5: Are the benefits of ergonomics application valuable for hospitals' planners and 
designers in Gaza Strip? 
RQ 6: Are ergonomics barriers affecting the application of ergonomics design factors 
in hospitals' planning and design projects in Gaza Strip?  
RQ 7: Are healthcare providers encounter difficulties in working within the existence 
hospitals spaces?  
RQ 8: What is the situation of the ergonomics design factors application in the 
existence Gaza city hospitals? 
1.5. Importance of the research study  
 Hospitals are places for patients’ treatment. Therefore, it is important to 
highlight essentially design factors for its spaces that made the work of 
healthcare providers smoother. Whereas the research presents rare studies 
regarding to ergonomics concept, ergonomics design factors, benefits, and 
barriers to ergonomics application in hospitals planning and design projects. 
 The research study will add to the current ergonomics research, explained 
ergonomics concept, and assessed the perception of hospitals planners and 
designers about ergonomics design factors, and evaluated ergonomics 
application in Gaza Strip hospitals. 
 The results of this study will be illustrated ergonomics situation in Gaza Strip 
hospitals, that be useful to the MOH to enhance its strategies and practices 
related to physical and environmental ergonomics in hospitals.  
1.6. Scope and boundary of research 
The research study focuses on ergonomics application in hospitals planning and 
design projects in Gaza Strip in Palestine, by targeted architectural planners and 




application in the existence hospitals targeted healthcare providers in all Gaza city 
hospitals. The research study covered the period from 2015 to 2017. 
1.7. Research methodology 
In this research study, the following methodologies were used  in order to achieve 
research objectives:  
Literature review 
A comprehensive literature review was conducted and taken into consideration in 
order to identify and review ergonomics design factors in hospitals planning and design 
projects, benefits and barriers.  
Questionnaire design and pilot study 
Two different questionnaires were designed by using the previous studies factors, 
questionnaires targeted: 
 Architects who contributed in planning and design hospitals, in order to assess 
their awareness level about ergonomics design factors in hospitals planning 
and design projects according to their importance and application, and to 
identify the most ergonomics design factors benefits, and barriers. 
 Doctors and nurses, in order to evaluate ergonomics application in the 
existence hospitals in Gaza. 
Pilot study was conducted before distributed questionnaires in order to modify and 
change any unsuitable factor, and then the questionnaires were distributed to specific 
sample for collecting data. 
Data analysis 
The quantitative data obtained from questionnaires were analyzed by Statistical 




Results and discussion 
The results from analysis were discussed, interpreted and compared with other 
previous studies results. 
Conclusion and recommendation 
All the results and important interpretation were summarized, and then 
recommendations were given to improve and enhance applying ergonomics factors in 
Gaza Strip. 
1.8. Organization of the research 
This research study was organized into five chapters as follows: 
Chapter 1: Introduction 
In this chapter an introduction about the research study was given, included 
background about the topic, problem statement, research aim, objectives, and questions, 
importance of research, scope and boundary of research, methodology, and research 
organization.  
Chapter 2: Literature review 
Chapter 2 explained ergonomics definition, ergonomics history, and ergonomics 
domains. In addition, ergonomics design factors for hospitals planning and design phase, 
and benefits of ergonomics application for healthcare providers, patients, and hospitals 
management. Finally, this chapter showed barriers to ergonomics application in 
hospitals planning and design projects. 
Chapter 3: Methodology 
This chapter showed the research design, research period and location, population 





Chapter 4: Result and discussion 
Chapter 4 presented the statistical questionnaire analysis and results, discussion 
and interpretation of the results.  
Chapter 5: Conclusion and recommendations 















This chapter gives an explanation about ergonomics concept. Some ergonomics 
definitions, ergonomics history, and ergonomics domains are presented. In addition, 
design factors in hospitals planning and design projects, and benefits to ergonomics 
application for healthcare providers, patients, and hospitals management. Furthermore, 
the chapter shows barriers to ergonomics application in hospitals planning and design 
projects. 
2.1. Understanding of ergonomics concept 
Ergonomics has been in use internationally for several years, and its application 
continues to grow. It focused on the interface between workers and their work 
environments, including machines and work processes, to optimize worker health, 
safety, performance, and productivity (Barron, 2015). Ergonomics puts people first, 
taking account of their capabilities and limitations. It aims to make sure that tasks, 
equipment, information and the environment fit each worker. The impact of poor 
ergonomics application is not limited to specific industries, though some industries have 
higher propensity for injury because of the general nature of work (Salih, 2017). 
Generally, industries increasingly require higher production rates and advances in 
technology to remain competitive and stay. If work tasks, tools, equipment, and place do 
not match ergonomics in their design, workers may have exposure to undue physical 
stress, strain, and overexertion (OSHAcademy, 2017). Injuries and disorders of the soft 
tissues (muscles, tendons, ligaments, joints, and cartilage) and nervous system may be 
suffered by workers when their work environments are lack of ergonomics 
considerations, such injuries and disorders are called musculoskeletal disorders (MSDs) 
(OSHA, 2000). 
2.1.1. Ergonomics definition 
Parsons (2000); Canas et al. (2010); and Abdul-Tharim et al. (2011) stated that the 




meaning natural laws. Ismaila and Samuel (2014) showed that ergonomics is used for 
terms such as human factors, human factors engineering, human engineering, human 
factors psychology, engineering psychology, applied ergonomics, occupational 
ergonomics, and industrial ergonomics, the most common term are ergonomics and 
human factors engineering. Canas et al. (2010) added that human factor engineering 
used in America, whereas ergonomics is used in Europe. Both terms have the same 
meaning and are used interchangeably. Table 2.1 presents the definitions of ergonomics 
illustrated by previous authors. 
 Table (2.1): Ergonomics definitions by previous authors 
Authors Definition of ergonomics 
OSHA (2000) The science of designing the job to fit the worker, 
rather than physically forcing the worker’s body to fit 
the job. 
Parsons (2000)  The application of knowledge of human 
characteristics to the design of systems. People in 
systems operate within an environment and 
environmental ergonomics is concerned with how they 
interact with the environment from the perspective of 
ergonomics. 
Thevendran and Mawdesley 
(2004) 
Individual, project team and organizational factors, 
which influence the behavior of people and the climate 
at work. 
McPhee (2005) Ergonomics is a science; it is a rigorous, user-centred 
approach to research and design. Ergonomics is 
concerned with appropriate design for people, the 
design of systems, processes, equipment and 
environments so that tasks and activities required of 
them are within their limitations but also make the 





2.1.2. Ergonomics history 
The purport of the term "ergonomics" was appeared from the early stages of the 
development of the human species. Many different tools and household equipments 
were discovered by the pre-historic men to fit their needs like hunting and eating and 
were made using ergonomics principles which showed by the archaeological records 
(Ismaila and Samuel, 2014). Consideration of the interactions between people and their 
 Table (2.1): Continued 
Authors Definition of ergonomics 
Canas et al. (2010) Ergonomics is the profession that applies theories and 
principles in design and evaluate tasks, jobs, products, 
environments and systems to make them compatible 
with the abilities and limitations of people, in order to 
improve the overall performance. 
Jaffar et al. (2011) The relationship between humans, machines, job 
design and the work environment.  
Ismaila and Samuel (2014) The study of work and the interaction between people 
and their work. 
International Ergonomics 
Association (2017) 
A scientific discipline concerned with the 
understanding of interactions among humans and 
other elements of a system, and the profession that 
applies theory, principles, data and methods to design 
in order to optimize human well-being and overall 
system performance. 
OSHAcademy (2017) Ergonomics is a way of designing workstations, work 
practices, and workflow to accommodate the 




working environments can be found in writings from ancient Greece, in medieval 
medical accounts and from Poland and Germany about 100 years ago (Wilson, 2014).  
Prior to the Second World War, the concentration was designing the human to fit 
the machine, instead of designing machine to fit the human. In the start of the First 
World War, the conflict was to employ the invented airplane in combat. So that, the 
need arose for methods to rapidly select and train pilots (Shaver and Braun, 2008). 
Ergonomics became a recognized field during the Second World War, when technology 
the human science were applied in a coordinated manner, and researches was conducted 
to maximize human performance in military applications (Iqbal et al., 2011). After 
World War II, the U.S. Air Force and U.S. Navy established engineering psychology 
laboratories. Up until the 1960s, ergonomics was mainly concentrated in the military. In 
the 1980's and 90's human factors saw rapid growth in different areas, the definition of 
ergonomics is extended to all human activities (Siguencia, 2002). 
2.1.3. Ergonomics domains 
According to Canas et al. (2010), ergonomics can be divided into the following 
four domains:  
 Physical ergonomics. 
 Cognitive ergonomics. 
 Organizational ergonomics. 
 Neuro-ergonomics.  
Ismaila and Samuel (2014) added environmental ergonomics as another domain. 
Physical ergonomics 
Canas et al. (2010) stated that physical ergonomics deals with the anatomical, 
anthropometric, physiological and biomechanical as they relate to parameters physical 
work. Ismaila and Samuel (2014) referred to physical ergonomics as the physical 
interactions that people have with devices, making these interactions safe, error free and 
efficient. The topics under this division of ergonomics include working postures, 




workplace layout, safety and health. Carayon (2010) gave examples for physical 
ergonomics in healthcare projects as physical design for building healthcare and 
workstations, renovation of a hospital units and building new facilities.  
Cognitive ergonomics 
The focus of cognitive ergonomics has been on the performance of single users, on 
understanding their cognitive abilities, needs and preferences while interacting with 
machines (Dittmar and Forbrig, 2013). Canas et al. (2010) stated that cognitive 
ergonomics studies the cognitive processes at work with understanding the situation and 
supporting reliable, effective and satisfactory performance. Ismaila and Samuel (2014) 
added that mental workload, decision-making, skilled performance, human-computer 
interaction, human reliability, work stress and training were issues related to cognitive 
ergonomics.  
Organizational ergonomics 
Canas et al. (2010) and Carayon (2010) referred that organizational ergonomics 
deals with the optimization of socio-technical work systems, including their structures, 
policies and organizational processes. Ismaila and Samuel (2014) showed the topics 
under this division of ergonomics included communication, crew resource management, 
work design, design of working times, teamwork, participatory design, community 
ergonomics, cooperative work, new work paradigms, organizational culture, virtual 
organizations and quality management.  
Neuro-ergonomics 
Canas et al. (2010) defined neuro-ergonomics as a new development which 
involves the application of more in depth neuro-physiological methods such as brain 
imaging techniques. This advanced methodology can be used for evaluating the clients 
preferences for one or another design of human-computer interfaces or for a particular 





The term environmental ergonomics referred to the interaction between human and 
the ambient environment. The topics under this include climate (temperature, humidity, 
heat and radiation), noise, vibration, lighting, pressure and so on as they affect human 
(Ismaila and Samuel, 2014). 
2.2. Ergonomics and healthcare 
Carayon (2010) defined healthcare as an industry of people that involves variety 
groups of people with unique characteristics, included: healthcare providers, support 
staff, management staff, and patients, their families, and friends. According to Gorman 
et al. (2013), healthcare providers encounter many hazards during their work in the 
healthcare facility building, that can affect their health and safety. These hazards 
included: 
 Biological hazards, such as: bloodborne pathogens, medical waste, and 
airborne diseases. 
 Chemical hazards, as a result from the use of chemical compounds such as: 
cleaning agents, ethylene oxide, and formaldehyde. 
 Ergonomics hazards, such as: the use of excessive force in lifting, pushing, 
and pulling, awkward postures, repetitive motion, and vibration. 
 Radiation hazards, involved rays emitted from some medical devices and the 
radiation therapy.  
 Shift work exceed the eight working hours, and stress hazards. 
Another comprehensive categorizations for hazards that threaten the health, safety, 
and performance of the healthcare providers was produced by Coluci and Alexandre 
(2014). These categorizations were: 
 Biomechanical hazards, included awkward movements and postures. 
 Workplace hazards, included: extreme temperature, noisy, insufficient 




 Organizational hazards, included: long duration work day, irregular work 
shifts, unequal distribution of task, lack of break, and lack of training for 
musculoskeletal disorder prevention. 
 Physiological hazards, included: working under pressure, conflictive 
relationship with co-workers, dissatisfaction with work, and low job control. 
In Spain, Portell et al. (2014) conducted a study to evaluate the hazards perception 
of healthcare providers during their works. They highlighted that healthcare sector is 
unique by including a complex mixture of hazards. This complexity comes from the link 
between hazards, and healthcare providers and patients. In some cases, patients are the 
source of the hazards, while in other cases, the hazards that are encountered by 
healthcare providers may affected negatively patients care.   
Designing the workplace and tasks for workers safety is essential in the ergonomic 
concept. The use of ergonomics design factors in healthcare sector has been advocated 
by many experts to improve safety (Carayon, 2010). In the healthcare field ergonomics 
has many important roles to play like, understanding human limitations early in the 
development of medical devices can reduce errors and avoid performance problems 
exacerbated by stress and fatigue. Using ergonomics in a design process can reduce the 
costs. Ergonomics can minimize the incidence of injury or longer term malaise from 
poor working environments (Pandve, 2014). 
2.3. Ergonomics design factors in hospitals planning and design projects 
Carayon (2010) mentioned that healthcare engineering projects is divided into two 
types: (i) renovation of a hospital unit, and (ii) construction of a new healthcare facility. 
Walrath (2007) referred that hospitals construction is unlike any other service industry, 
where healthcare providers are seeking for safe working environment, and patients are 
seeking for comfort and treatment. He divided the healthcare engineering project into 
three phases, which are: (i) planning and design, (ii) construction, and (iii) 
commissioning. This research focuses in the ergonomics design factors in the first phase 
that related to engineering field and plays an essential role in the health, safety, and 




application in commissioning phase is closer hospitals management strategies and 
practices with staff. According to ergonomics definition and its link to workers, this 
research focuses in healthcare providers in hospitals planning and design phase. Because 
they play a key role in the safety of patients, and provide direct assistance and care to the 
patient and family, composing the largest group of professionals in the health field in the 
world (Monteiro et al., 2015). 
According to ergonomics domains and the presentation of ergonomics design 
factors in previous studies, ergonomics design factors for hospitals planning and design 
projects are divided in this section into four parts, included: (i) general ergonomics 
design factors; (ii) physical ergonomics design factors; (iii) environmental ergonomics 
design factors; (iv) and physical environmental design factors.  
2.3.1. General ergonomics design factors 
Ergonomics design factors under this part from the research are general factors 
that can be considered in any design type whether buildings design, systems design, and 
tasks design, etc. Upon reviewing the ergonomics design factors that improve the 
implementation of ergonomics, Abdul-Tharim et al. (2011) referred to clear and written 
ergonomics program which highlighted goals and plans as an important factor for better 
ergonomics application.  
Carayon et al. (2014) agreed with Edwards and Jensen (2014) that the following 
factors were important for designing systems according to ergonomics concept: (i) 
precise definition of the work systems; (ii) clear identification of users; (iii) the 
determination of different knowledge and specialists related to the systems; and (iv) 
participatory ergonomics (PE). PE is an approach promotes improved design ideas and 
solutions (Mackrill et al., 2017). Participating healthcare providers in the planning and 
design phase of hospital facility is essential to outline their needs and requirements, 
because they spend long working hours in the hospital (Iqbal et al.,2011). 
There are a set of guidance that addressing the space requirements of healthcare 




healthcare planners and architects in the United Kingdom, Hignett and Lu (2009) 
illustrated that the use of guidance was variable from the literally use to the use just as a 
reference and ignoring the details. In addition to the guidance, designers have other 
resources that can be used to support the design such as professional expertise and 
research, but they were not using all the resources. They recommended the participation 
of healthcare providers and patients in the design phase as an effective factor in applying 
ergonomics. 
2.3.2. Physical ergonomics design factors 
As shown the ergonomics domains section in this chapter, physical ergonomics 
design factors are factors related to the physical interactions that people have with 
devices, making these interactions safe, error free and efficient. Standardization is an 
important strategy in ergonomics design (Reiling, 2005). Saucier et al. (2010) 
investigated the design standardization of the private intensive care unit room. They 
noted that room size is one of the most important factors that is usually set early in the 
design process, because it is closely tied to the project budget, and affected by available 
space. Hospital space standardization was defined by Price and Lu (2013) as the same 
room size, shape, layout, the position and way of door openings, the same equipment 
and devices, furniture and their location. They determined that the best opportunities for 
healthcare space standardization are on the following areas: patient single bedrooms, 
nurse station, treatment room, outpatient department, ward, operating room, and general 
X-ray room.  
Ahmad et al. (2014), furthermore, combined between space flexibility and space 
standardization in their research about their impact on healthcare providers and patient 
care. They defined space standardization as a controlled space where many elements are 
entirely defined. Consequently healthcare providers are familiar with all elements, they 
did not consume time to find devices or to access spaces resulting in reducing efforts, 
fatigue, and errors. They highlighted that space standardization is more efficient in 





Medication communication process between healthcare providers and patients is 
significant to be clear and easy. Liu et al. (2014) explored how physical design factors 
affect the medication communication processes in Australia hospitals. They found that 
medication communication in the medical wards may interrupted due to the physical 
layout included spatial arrangements of patient rooms, nurses stations, medication room, 
pharmacy, equipment room and corridors, and limited space. In medical ward, these 
spaces may be arranged in the form that workplaces were closed with high intensity 
clinical activities, and limited spaces resulting in overcrowded which affected the 
communication process. Due to noisy and the difficulty in transmissions among these 
spaces. 
In an integrative literature review for studies conducted in the United States, 
Canada, Australia, Italy, the United Kingdom, China, Denmark, Germany, and Sweden, 
Monteiro et al. (2015) identified factors cased the interruption of nurses through their 
work. They found that 3 from 29 assessed studies highlighted the physical factors as a 
main source of the interruption of nurses. They recommended conducting further studies 
related to physical factors that contribute to the occurrence of interruptions. 
The physical design of healthcare facilities plays an essential role in controlling 
infection not only among patients, but also for healthcare providers. Rao (2004) 
investigated how to design hospitals for control infection transmission. They presented 
the following factors that must keep in mind at the planning and design phase: functional 
separation between outpatients, inpatients wards and diagnostic services areas, 
separation of critical areas such as operation theatre and intensive care units from 
general traffic and air movements, isolation of infection cases wards from the general 
circulation and construct isolation rooms within the wards, provision of adequate 
number of wash hand within patient care areas and nurse stations, and isolation of the 
waste removable circulation and its assembly places from wards and departments.  
Bartley et al. (2010) reviewed the United States guidance for design and construct 
healthcare facilities that contained standards to the infection control. They referred that 




presented some design factors that reduce the infection rate included: single patient 
rooms, ventilation design, management of waste, wall surfaces, and floor coverings. 
Designing furniture according to ergonomics consideration is essential. Mehta et 
al. (2011) evaluated the physical demands among healthcare providers resulting from 
different hospital bed design features due to two patient handling tasks included 
transportation and repositioning. They used the following bed features in their 
experiments: (i) steering lock feature that was designed to minimize sideways drifting 
during pushing bed. When sideways occurs the bed need higher force from healthcare 
provider to be stopped and adjusted to the correct direction and pushed again; (ii) 
adjustable push height feature that used to push the upper part of patient higher or lower 
in his/her bed; (iii) contour feature that allows patient to be positioned in different 
positions such as sitting and knee raising. Mehta et al. (2011) found that taking 
ergonomic considerations in designing patient bed by using the previous features would 
reduce physical demands among healthcare providers. 
Barrett and Barrett (2010) motioned that good space could contribute to influence 
human responses. For example, colors can affect an individual's impression: 
(temperature: light blue cooler, red orange warmer; size of objects: dark colors heavier; 
size of spaces: light colors increase perception of size, dark decrease apparent size). 
Color in hospitals has strong psychological implications. Therefore, architects and 
designers must know about the effects of colors in human (Rangel and Alvão, 2011). 
Allocating a part from outdoor environment to healthcare providers for break can 
contribute to their comfort and reduce fatigue. Bengtsson and Grahn (2014) integrated 
theories about outdoor environment in healthcare facility to outline quality evaluation 
factors. They presented 6 factors that need to be considered in designing phase in order 
to allow healthcare facility users to be comfortable in the outdoor environment, which 
were: physically close, visible and easy access; enclosure related to the degree of safety 
needed by users and entrance; safety and security; features familiarity to users; 




users and oriented them; and the existence of different options in different kinds of 
weather. 
2.3.3. Environmental ergonomics design factors 
Parsons (2000) reviewed environmental ergonomics factors. They illustrated the 
followings as environmental ergonomics factors: (i) lighting; (ii) noise; (iii) temperature; 
and (iv) vibration. They referred that these factors had effects on the health, comfort and 
performance of people. Elias and Calil (2014), in a questionnaire survey, measurement, 
and observation conducted in Brazilian public hospital, evaluated hospitals environment 
according to the following environmental ergonomics design factors: (i) lighting; (ii) 
noise; (iii) temperature; and (iv) air quality. They found that the temperature and noise 
were not always in accordance with standard limits. 
Lighting is one of the most important design factors of environmental ergonomics 
(Omidiandost et al., 2015). In a study aimed to describe some ergonomics design factors 
that can impact on worker productivity, Sarode and Shirsath (2012) referred that there 
are two kinds of light that are available: (i) natural light, that is a free resource that 
enters spaces through window or skylight; and (ii) artificial light, that is the kind of light 
which is produced and designed by manufacturing. 
Alzoubi and Al-Rqaibat (2014) evaluated the indoor daylight quality in patient 
rooms in children section in King Abdullah University Hospital in Jordan. They found 
that healthcare providers and patients were exposed to visual discomfort. They 
recommended that surface characteristics such as reflectance values, and the physical 
properties of glazing materials must be considered, because of their effects on the 
daylight performance.  
Ryherd et al. (2011) referred to the noise as unwanted sound. There are many 
noise sources in hospitals, and noise levels in most hospitals exceed standard limits 
(Salonen and Morawska, 2013). Noise can influence workers’ ability to work efficiently 




exposure to high noise level that can cause hearing problems and influence workers’ 
ability of concentration (Joseph, 2006; Tziaferi et al., 2011).  
Mackrill et al. (2014) explored hospital sounds that can be made more positively 
influenced. They identified three types of sound that may heard in any hospital, which 
were: natural sound, like birdsongs and water; steady state sound, defined as the 
presence of one negative sound that cannot be controlled and made another sound 
unclear and undetectable; and sound source information, that was sound heard in the 
wards related to hospital activities, such as blood pressure monitors, nurses talking to 
patients, cleaning machines, trolleys moving equipment around the ward, and staff 
talking. They found that intervention through natural sound and sound source 
information were effective in order to obtain more emotional and cognitive benefits. 
In view of the warming climate, there is increasing concern about controlling 
temperature inside buildings (Lomas and Giridharan, 2012). In hospitals buildings, 
temperature affected both healthcare providers and patients. For healthcare providers, 
temperature has been associated with improved their performance and productivity, and 
decreased stress. For patients, temperature has been associated with moods stable, sleep 
improvement and quality, and reduced length of stay in hospitals (Salonen and 
Morawska, 2013). 
Yau and Chew (2009) conducted a field survey to investigate the temperature 
range for thermal comfort in Malaysian hospitals. A total of 114 healthcare providers in 
four hospitals were involved in the study. The overall healthcare providers satisfaction 
toward the thermal environment was only 49%. 
2.3.4. Physical environmental design factors 
Some research studies integrated the concept of physical ergonomics design 
factors and environmental ergonomics design factors under other terms, which were 
environmental design factors and physical environmental design factors with the same 
design factors. Joseph (2006), in a study aimed to explore how the physical environment 




following physical environmental design factors contributing to errors: (i) inadequate 
lighting, (ii) inadequate workspace area, and (iii) noisy environment. 
Morelli (2007) investigated the environmental design factors of nursing station 
that affected their performance in the United States hospitals. He found that lack of work 
space area and noise were the most significant factors resulting in healthcare providers 
dissatisfaction. In addition, they mentioned that reduce nurses walking distance is an 
important factor that needed to considered. They identified the following three main 
forms of nursing station design: (i) linear corridor design, where patient rooms organized 
around one or two linear corridors. Nursing station was located on a side in the one 
corridor design or in the heart of the plan in the two linear corridor design. This type of 
design increase the nurses walking distance; (ii) cluster design, where patient rooms 
were clustered near to nursing stations to reduce walking distance; (iii) radial design, 
where patient rooms were organized around nursing stations in radiation form, this form 
can also reduce walking distance. 
Chaudhury  et al. (2009) reviewed the effect of environmental design factors on 
reducing nurses errors and increasing efficiency in hospitals. They found that the 
following design factors can contributed to nurses errors: noise level, lighting, furniture 
and equipment ergonomics design, and space layout included single patient rooms, 
standardization room, and size of medication room. They recommended some design 
solutions for medication room, nurses station, and patient room to reduce medication 
errors. These solutions are illustrated in table 2.2. 
Table (2.2): Recommended some design solutions to reduce medication errors and 
factors lead to errors according to Chaudhury  et al. (2009) 
Space Factors lead to errors Recommended design 
solutions  Medication room - Inadequate areas 
- Location of patient rooms 
- Inadequate lighting 
- Noisy 
- Staff fatigue 
- Adequate areas 
- Adequate lighting 
- Reduced noise 




Table (2.2): Continued 
Space Factors lead to errors Recommended design 
solutions  Nurses station - High traffic area 
- Lack of visual access to 
patients 
- Inadequate lighting 
- Noisy 
- Adequate lighting 
- Using sound 
absorbing materials 
- Sound barrier in 
certain work spaces 
 Patient room - Helping patient to access to 
bathroom and the distance 
- Type of room 
- Inadequate lighting 




- Single patient room 
- Room standardization 
and equipment 
- Adequate lighting 
 
Chaudhury  et al. (2009) referred that nurses fatigue can be reduced according to 
noise reduction, decentralized medication rooms that reduce the distance between these 
rooms and patient rooms walking by nurses, and provide nurses break room. Mahmood 
et al. (2011), upon a questionnaire survey to nurses in four hospitals in the United States, 
have identified 13 physical environmental factors that lead to medication errors shown 
in table 2.3.  
Table (2.3): Perceived importance of the physical environmental factors that lead to 
medication errors (Mahmood et al., 2011) 
Physical environmental factor Rank 
Insufficient areas for documentation 1 
Inappropriate space layout in the nursing unit 2 
Lack of privacy in nurses work area 3 




Table (2.3): Continued 
Physical environmental factor Rank 
Problematic location of nursing station  5 
Inappropriate location of medication room 6 
Lack of space in medication room  7 
Faulty medication dispensation equipment  8 
Lack of healthcare providers break room 9 
Un-ergonomics furniture 10 
Inadequate lighting in medication room 11 
Inadequate lighting in nursing station 12 
Faulty heating, cooling, and ventilation system 13 
 
In a similar study conducted in Canada, Mahmood et al. (2012) investigated the 
following physical environmental design factors to reduce medication errors: adequate 
workspace size for more than one person to work comfortably, sufficient space for 
writing notes and record keeping, adequate work surface in medication room, adequate 
lighting in medication room, appropriate lighting in nursing station, and noise reduction. 
The findings from this investigation showed that adequate workspace size was the most 
significant physical environmental design factors. 
Upon a questionnaire survey, Mourshed and Zhao (2012) examined the 
importance of 16 design factors related to physical environment in Chinese hospitals 
from the healthcare providers perception. They divided those factors into three 
categories, that were: spatial, environmental and maintenance. Table 2.4 showed the 
factors distribution under the categorization. They concluded that cleanliness and ease of 
maintenance, air quality and freshness, noise level and thermal comfort were the most 
important design factors according to the healthcare providers. While the presence of 





Table (2.4): The design aspects related to physical environment in Chinese hospitals 
(Mourshed and Zhao, 2012) 
Design factors Spatial Environmental Maintenance 
Interior and exterior landscaping √   
Furniture layout √   
Exterior view from the space √   
Presence of coordinated art objects √   
Color  √   
Architectural design of the space √   
Location and orientation of the space √   
Adequate illumination  √  
Availability of daylight  √  
Thermal comfort  √  
Noise level  √  
Air quality and freshness  √  
Provision for hand hygiene   √ 
Proximity to wards   √ 
Cleanliness and ease of maintenance   √ 
Spaciousness   √ 
 
Ghazali and Abbas (2012) evaluated the quality of physical environment in 
patients wards among designers and users satisfaction in Malaysia. To achieve this aim, 
three occupants were targeted in different questionnaires, which were: designers, 
healthcare providers and patients. The level of satisfaction were measured according to 
the following design factors that categorized into two groups: (i) exterior environment 
included garden, playground and sound; (ii) interior environment included color, 
outdoor view, furniture arrangement, privacy space, noise, natural and artificial light, art 
and music, safety, and comfort. Ghazali and Abbas (2012) found that the majority of 
healthcare providers and patients were not satisfied with most design factors. While 
there was a positive design trends for physical environment among designers. 




recommended that users participation in planning and design phase can influence 
positively the satisfaction level. 
In Malaysia, there was no locally guidance for designing healthcare facilities. 
Therefore, Abu Samah et al. (2013) reviewed foreign guidance to highlight the most 
critical design factors for the physical environment of outpatient facilities that were 
related to the improvement of quality care. They revealed that these factors can be 
categorized according to the following three groups: (i) technicality factors that related 
to health and safety outcomes. The design factors under this group included: lighting 
whether natural or artificial, thermal comfort, air quality, noise level, and safety 
environments that can be created by taken into consideration infection control; (ii) 
functionality factors that concerned with work flow performance included: spatial 
layout, corridors, stairs and entrance areas, wayfinding, and furniture; (iii) aesthetic 
factors that enhanced psychological and aesthetic performances included: color such as 
using contrasting colors to distinguish different spatial functions and elements, material 
and finishes. 
Coluci and Alexandre (2014) developed a measurement instrument to evaluate 
nurses perception of ergonomics factors that may lead to Musculoskeletal disorders 
(MSDs). They used questionnaire as adequate instrument for such evaluation purpose. 
Two hospitals in Brazil were targeted, and 370 nurses have responded the questionnaire. 
Factor analysis was conducted in order to define the structure of the questionnaire, and 
summarized factors under groups. In the final version, the questionnaire contained four 
groups included biomechanical factors, environmental factors/ workplace, organizational 
factors, and psychosocial factors. According to factor analysis results, factors under 
environmental/ workplace group were: (i) extreme temperatures, (ii) noisy workplace, 
(iii) insufficient or excessive lighting, (iv) limited space, (v) inadequate furniture and 
equipment, (vi) equipment without periodical maintenance, and (vii) lack of equipment 
for moving or transferring patients. 
Ergonomics design factors in hospitals planning and design projects were 




Table (2.5): Ergonomics design factors in hospitals planning and design projects 
Ergonomics design factor Authors 
Precise definition of the work systems Carayon et al. (2014); Edwards and 
Jensen (2014) 
Clear identification of users  Carayon et al. (2014); Edwards and 
Jensen (2014) 
Users participation Hignett and Lu (2009); Iqbal et al. 
(2011); Carayon et al. (2014); Edwards 
and Jensen (2014); Mackrill et al., 2017 
Clear and written ergonomics program Abdul-Tharim et al. (2011) 
Use building guidance Kumar (2000); Hignett and Lu (2009) 
Determination of different knowledge and 
specialists related to the systems 
Hignett and Lu (2009); Carayon et al. 
(2014); Edwards and Jensen (2014) 
Standardization Reiling (2005); Chaudhury  et al. (2009); 
Saucier et al. (2010); Price and Lu 
(2013); Ahmad et al. (2014) 
Room size Chaudhury  et al. (2009); Saucier et al. 
(2010); Price and Lu (2013) 
Room shape and layout Chaudhury  et al. (2009); Mahmood et al. 
(2011); Abu Samah et al. (2013); Price 
and Lu (2013); Liu et al. (2014) 
Position and way of door openings Price and Lu (2013) 
Workspace area Joseph (2006); Morelli (2007); Mahmood 
et al. (2011); Mahmood et al. (2012); 
Coluci and Alexandre (2014); Liu et al. 
(2014) 
Orientation of the space Mourshed and Zhao (2012) 
Room location  
 




Table (2.5): Continued 
Ergonomics design factor Authors 
Healthcare providers break room Mahmood et al. (2011) 
Privacy in work area Mahmood et al. (2011) 
Walking distance Morelli (2007); Chaudhury  et al. (2009) 
Corridors Abu Samah et al. (2013); Liu et al. 
(2014) 
Stairs Abu Samah et al. (2013) 
Entrance Abu Samah et al. (2013) 
Wayfinding Abu Samah et al. (2013) 
Equipment and devices location Mahmood et al. (2011); Price and Lu 
(2013); Coluci and Alexandre (2014) 
Furniture design and arrangement Chaudhury  et al. (2009); Mahmood et al. 
(2011); Mehta et al. (2011); Ghazali and 
Abbas (2012); Mourshed and Zhao 
(2012); Abu Samah et al. (2013); Price 
and Lu (2013); Coluci and Alexandre 
(2014)  
Color Chaudhury  et al. (2009); Barrett and 
Barrett (2010); Rangel and Alvão (2011); 
Ghazali and Abbas (2012); Mourshed and 
Zhao (2012); Abu Samah et al. (2013) 
Material and finishes Abu Samah et al. (2013) 
Interior landscaping Mourshed and Zhao (2012) 
Art objects Ghazali and Abbas (2012); Mourshed and 
Zhao (2012); Abu Samah et al. (2013) 
Music Ghazali and Abbas (2012) 
Cleanliness and ease of maintenance Rao (2004); Bartley et al. (2010); 




Table (2.5): Continued 
Ergonomics design factor Authors 
Functional separation between 
outpatients, inpatients wards and 
diagnostic services 
Rao (2004); Bartley et al. (2010) 
Separation of critical areas from general 
traffic and air movements 
Rao (2004); Bartley et al. (2010) 
Isolation of infection cases wards Rao (2004); Bartley et al. (2010) 
Provision of adequate number of wash 
hand within patient care areas and nurse 
stations 
Rao (2004); Bartley et al. (2010) 
Isolation of the waste removable 
circulation and its assembly places from 
wards and departments 
Rao (2004); Bartley et al. (2010) 
Exterior landscaping Ghazali and Abbas (2012); Mourshed and 
Zhao (2012); Bengtsson and Grahn (2014) 
Lighting Parsons (2000); Joseph (2006); Chaudhury  
et al. (2009); Mahmood et al. (2011); 
Ghazali and Abbas (2012); Mahmood et al. 
(2012); Mourshed and Zhao (2012); 
Sarode and Shirsath (2012); Abu Samah et 
al. (2013); Coluci and Alexandre (2014); 
Elias and Calil (2014); Omidiandost et al. 
(2015). 
Temperature Parsons (2000); Yau and Chew (2009); 
Mahmood et al. (2011); Lomas and 
Giridharan (2012); Mourshed and Zhao 
(2012); Abu Samah et al. (2013); Coluci 





Table (2.5): Continued 
Ergonomics design factor Authors 
Noise Parsons (2000); Joseph (2006); Morelli 
(2007); Chaudhury  et al. (2009); 
Mahmood et al. (2011); Ryherd et al. 
(2011); Tziaferi et al. (2011); Ghazali and 
Abbas (2012); Mahmood et al. (2012); 
Mourshed and Zhao (2012); Abu Samah et 
al. (2013); Salonen and Morawska (2013); 
Coluci and Alexandre (2014); Elias and 
Calil (2014); Liu et al. (2014); Mackrill et 
al. (2014)  
Air movement and quality Mourshed and Zhao (2012); Abu Samah et 
al. (2013); Elias and Calil (2014) 
Ventilation Mahmood et al. (2011) 
Vibration Parsons (2000) 
 
2.4. Benefits of ergonomics application in hospitals planning and design 
projects 
Many studies highlighted the benefits of ergonomics application. The benefits are 
classified in this section into benefits to healthcare providers, benefits to patients, and 
benefits to hospital management. 
2.4.1. Benefits to healthcare providers 
Integrating ergonomics into designing workplaces is an important strategy to 
enhance good working conditions and achieving efficiency (Andersen and Broberg, 
2014). Iqbal et al. (2011) mentioned that the relationship between healthcare buildings 
design and patient outcomes was titled many healthcare research. They agreed with 




design on healthcare providers. Ulrich et al. (2004) assessed the role of physical 
environment in hospitals on patients and healthcare providers. They found that taking 
into consideration the physical environment design factors had the following benefits: 
reduce healthcare providers stress and fatigue, increase their effectiveness, improve 
healthcare providers safety, and increase their satisfaction, and improve overall 
healthcare quality. 
Tarcan et al. (2004) measured, through a survey targeted 362 employees in 25 
hospitals in Turkey, the environmental performance level in Turkish hospitals. The 
measurement was according to the following factors: (i) indoor air quality, (ii) lighting, 
(iii) ergonomics related to furniture and equipments, (iv) acoustics, and (v) health 
complaints related to workplace, such as Irritated sore eyes, back, backbone, neck, 
articulation and muscular pains. They concluded that higher comfort level of buildings 
result in lower health complaints and job performance.  
Upon an observational study, Fujishiro et al. (2005) evaluated the effect of the 
existence of ergonomics program and financial support for providing ergonomics 
devices that used in patient handling task on musculoskeletal disorders. The results 
showed that the rate of musculoskeletal disorders among healthcare providers was  
reduced through an effective ergonomics program and financial support for purchasing 
ergonomics devices. Because these devices contributed in bending reduction, lifting 
elimination and carrying reduction. 
Codinhoto et al. (2009) presented a framework that categorizes the factors of the 
built environment that impact on health outcomes. They classified the health outcomes 
according to its relation to the mind or the body. The classifications were: (i) 
psychological outcomes that relating to the mind, included: stress, depression, anxiety, 
insecurity, fear, panic and disorientation; (ii) physiological outcomes that relating to the 
body, included: blood pressure, heart rate and body temperature; (iii) physical outcomes 
that relating to the body, included: body integrity, pain and infection rate. The developed 




fabric and ambient, art and aesthetics, and services. The conceptual framework is shown 

















Figure (2.1): Relationships between built environment factors and health outcomes 
(Codinhoto et al., 2009) 
An extensive literature review of several studies was conducted by Joseph (2006), 
in order to explore how the physical environment impact health, safety, and 
effectiveness in the healthcare workplace. He emphasized the need to design workplaces 
with ergonomics considerations for: (i) reducing infections among healthcare providers, 
(ii) decreasing back pain, (iii) reducing injuries, (iv) lessening noise stress, (v) avoiding 
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Reiling (2005) classified errors found in healthcare into the followings two 
categorizations: (i) active failures: that are errors made by those who provide direct care 
to the patients; and (ii) latent conditions: that are arise from decisions made by 
management, architects, and equipment designers, it contributes to errors. These 
conditions included lack of standardization, poor visibility and high noise levels. 
Huisman et al. (2012) agreed with Mourshed and Zhao (2012); and Wears et al., 
(2010) that reduced medical errors was one of the most important benefits from space 
standardization as an essential strategy for applying ergonomics. In this context, Price 
and Lu (2013) and Ahmad et al. (2014) gave interpretation. They stated that the 
standardization of patient rooms and equipment makes tasks simpler, where medical 
staff encounter exactly the same distribution and layout in every room. They added that 
familiarity and predictability could result in less time spent on searching and locating 
emergency equipment and decrease the confusion. Furthermore, they found other 
benefits included: efficiency of care and treatment, make work easier for clinical staff 
and reduce the incidence. 
Chaudhury  et al. (2009) investigated the effect of environmental design in acute 
hospital. They illustrated that adequacy physical environment can affected healthcare 
providers positively in terms of health, safety and performance. Good physical 
environment can contributed to reduce staff fatigue, stress, and burnout which resulting 
in reduce errors. Rechel et al. (2009) explored the impact of healthcare facility design on 
healthcare providers. They found that good healthcare facility design had positive effects 
on wellbeing and performance of healthcare providers by reducing medical errors. In 
addition, it reduced staff injuries, infection transmission to staff, turnover and 
absenteeism. Resulting in reduce human recourses cost that paid by the healthcare 
organization. 
Bartley et al. (2010) summarized the relationship between design factors that be 
considered to reduce infection and other benefits for healthcare providers in table 2.6. 
that obtained from reviewed the United States guidelines standards to the infection 




Table (2.6): Summary of the relationships between design factors and healthcare 
providers benefits, according to Bartley et al. (2010) 


































































Decreased staff injuries       * 
Decreased staff stress * * * * *   
Increased staff effectiveness *  *  * * * 
Increased staff satisfaction * * * * *   
* Indicates that a relationship between the specific design factor and healthcare providers benefit. 
In line with the growth competition between hospitals in Pakistan, Butt et al. 
(2012) investigated the impact of physical environment on hospital nurses commitment 
towards job by a questionnaire survey. They measured the impact through three factors, 
which were: (i) quality of patient areas, (ii) nurses safety related to hospital design, and 
(iii) quality of work spaces included the easy availability of the needed equipment, 
parking, and workstation with the characteristics needed for the job. They concluded that 
physical environment have a positive impact on nurses commitment as an important 
group play a vital role in the performance of hospital as an organization. 
2.4.2. Benefits to patients 
One of the most benefits from applying physical ergonomics factors on designing 
and constructing healthcare facility, was reduce the exposure of patients to the medical 
errors. This point from benefits can be improved by two design factors, which were 
providing standardized rooms and equipments and a suitable lighting. The 
standardization of patient rooms and equipment makes tasks simpler, where medical 
staff encounter exactly the same distribution and layout in every room (Reiling, 2005; 
Carayon, 2010; Huisman et al., 2012; Mourshed and Zhao, 2012; Price and Lu, 2013). 
According to Ulrich et al. (2004), taking into consideration the physical environment 




reducing to medical errors and reduce patient falls, reduce patients stress and depression 
that improve sleep and reduce stay length. 
Ahmad et al. (2014) agreed with Carayon (2010) and Glind et al. (2007) that 
applying ergonomics design factors has been advocated by many experts to improve 
patient safety. Reiling (2005) stated that engaging architects, equipment planners, 
contractors, hospital ownership representatives and executive management is important 
factor to design hospital for patient safety. According to Huisman et al. (2012), patient 
safety and security can be achieved by addressed the followings: reduced falls, improved 
hygiene and cleanliness, accessibility, indoor quality, and reduced infections. 
2.4.3. Benefits to hospitals management 
Beevis (2003) investigated cost benefit from applying ergonomics. They 
demonstrated the following three categories of financial benefits from the application of 
ergonomics: (i) costs saved: ergonomics applications can lead to costs saved in a number 
of ways such as identifying the problem and the investment in human resources; (ii) 
costs avoided: are costs that might be anticipated in the future unless action is taken to 
avoid them; (iii) new opportunities: are associated with providing a new capability or 
expanding the healthcare services. 
Healthcare project management also can benefit from ergonomics application and 
adaptation. According to Hendrick (2003) implementing ergonomics design factors 
could reduce training time as a result from keeping skilled workers in a good physical 
and mental health, reduce maintenance time, reduce equipment damage, increase 
employee commitment, and improve project and its organization image. 
In a study aimed to explore the benefits of ergonomics, Vink et al. (2006) referred 
that ergonomics application could improve working environment, it led to achieve 
project goals that related to productivity. As while as using participatory ergonomics 
contributed to project success, whereas workers participated in deciding the appropriate 




Goggins et al. (2008) reviewed the benefits of ergonomics programs. They found 
that cost reduction was a significant benefit from such programs, that came from the 
reduction in injuries rates which resulting in reducing lost workdays, restricted 
workdays, and workers compensation costs. As well as reducing turnover and 
absenteeism, improving quality, and increasing productivity. 
Price and Lu (2013) noted in their study about the impact of hospital space 
standardization as an important factor for applying ergonomics that there has been a 
growing acceptance to increase standardization of processes and components for 
construction projects. They defined benefits such as speed of construction, lower cost, 
zero defects and high quality of finish. 
Some benefits to the management were be referred by Ismaila and Samuel (2014) 
in their study about ergonomics challenges in Nigeria. These benefits included: 
increasing productivity and efficiency in the workplace, improving work quality, making 
the workplace accessible to a wider variety of workers, and save money by reducing 
injuries and time los. 
Ergonomics benefits were summarized in table 2.7.  
Table (2.7): Ergonomics benefits 
Benefit Authors 
Benefits to healthcare providers 
Enhance good working conditions Andersen and Broberg (2014); Vink et al. 
(2006) 
Reduce medical errors Ulrich et al. (2004); Joseph (2006); 
Chaudhury  et al. (2009); Rechel et al. 
(2009); Wears et al., (2010); Huisman et 
al. (2012); Mourshed and Zhao (2012); 
Price and Lu (2013); Ahmad et al. (2014) 
Reduce stress and fatigue Ulrich et al. (2004); Chaudhury  et al. 




Table (2.7): Continued 
Benefit Authors 
Increase effectiveness Ulrich et al. (2004) 
Improve healthcare providers safety Ulrich et al. (2004) 
Increase satisfaction Ulrich et al. (2004); Joseph (2006); 
Bartley et al. (2010) 
Improve healthcare quality Ulrich et al. (2004) 
Lower health complaints Tarcan et al. (2004) 
Reduce musculoskeletal disorders Fujishiro et al. (2005); Joseph (2006) 
Reduce infections Joseph (2006); Rechel et al. (2009) 
Reduce injuries Joseph (2006); Rechel et al. (2009); 
Bartley et al. (2010) 
Reduce burnout Chaudhury  et al. (2009) 
Good performance Rechel et al. (2009) 
Reduce turnover and absenteeism Rechel et al. (2009) 
Commitment Butt et al. (2012) 
Benefits to patient 
Reduce the exposure of patients to the 
medical errors 
Ulrich et al. (2004); Reiling (2005); 
Carayon (2010); Huisman et al. (2012); 
Mourshed and Zhao (2012); Price and Lu 
(2013) 
Improve patient safety Ulrich et al. (2004); Reiling (2005); Glind 
et al. (2007); Carayon (2010); Ahmad et 
al. (2014); Huisman et al. (2012) 
Reduce patients stress Ulrich et al. (2004) 
Reduce stay length Ulrich et al. (2004) 
Benefits to hospital management 




Table (2.7): Continued 
Benefit Authors 
Financial benefits Beevis (2003); Goggins et al. (2008); 
Price and Lu (2013); Ismaila and Samuel 
(2014) 
Reduce training time Hendrick (2003) 
Reduce maintenance time Hendrick (2003) 
Reduce equipment damage Hendrick (2003) 
Increase employee commitment Hendrick (2003) 
Improve project and its organization 
image 
Hendrick (2003) 
Productivity Vink et al. (2006); Ismaila and Samuel 
(2014) 
Project success Vink et al. (2006) 
Save time Price and Lu (2013); Ismaila and Samuel 
(2014) 
High quality Price and Lu (2013); Ismaila and Samuel 
(2014) 
 
2.5. Barriers to ergonomics application in healthcare planning and design 
projects 
Applying ergonomics in healthcare planning and design projects may hindered by 
different barriers. Being aware about these barriers is necessary to select the appropriate 
implementation strategies especially in the early stages of the project. Pinder (2015) 
carried out a literature review to identify barriers to apply ergonomics in engineering 
design. He summarized barriers to the following: (i) financial barrier; (ii) organizational 
barrier; (iii) personal barrier; and (iv) lack of knowledge about ergonomics design 




Through a study aimed to highlighted the role of ergonomics in healthcare, 
Carayon (2010) confirmed that there were some barriers to the increasing role of 
ergonomics such as cultural differences between its application design factors, and 
values and beliefs in healthcare. Rasmussen et al. (2017), in a questionnaire survey to 
investigate the processes of a participatory ergonomics program, barriers to its 
application were revealed. They divided barriers into two categories that were internal 
barriers, and external barriers. The results questionnaire results are showed in table 2.8. 
Table (2.8): Barriers to ergonomics application according Rasmussen et al. (2017) 




Internal barriers Lack of focus on solving 
problems within group 
25 28% 
Lack of management support  16 18% 
External barriers Lack of time 19 22% 
Limited financial recourses 10 11% 
Lack of delivery or materials 9 10% 
The resident's attitude 6 07% 




Some ergonomics barriers were threatening the successful of application. Hendrick 
(2003) explored the factors that lead to a successful ergonomics application and obtained 
cost benefits. He found the following success factors: real management commitment, the 
presence of a leader in the working group who played an effective role in applying 
ergonomics, participatory ergonomics, and design for human rather than technology by 
knowledge about human capabilities and limitations that associated with work 
environment. Other authors Driessen et al. (2010); Baumann et al. (2012); and Karsh et 
al. (2013) showed that the absence of these factors can hinder ergonomics application 




Driessen et al. (2010) conducted a study to investigate the possible barriers to the 
application of a participatory ergonomics program in Netherlands. They used 
questionnaire survey and semi-structured interviews in order to collect data from 
workers and managers in different fields including healthcare. According the study 
results, they classified barriers into the following different application levels: (i) 
organizational level included lack of management commitment to support the 
implementation, insufficient financial resources, lack of personnel resources who are 
responsible for the application, and lack of collaboration with persons and structures 
during the application; (ii) co-worker level included lack of ergonomics design factors 
fitness within the organizational culture; (iii) working group level included group 
composition that hinder the application, if there was not a leader in the group who 
responsible for ergonomics application; and (iv) ergonomics design factor level included 
the factor had low relative advantage, the difficulty of the factor to be implemented, 
incompatible factor with the present norms and practices in the organization, the 
complexity of factor to be understood and used, and the absence of ergonomics plan or 
program for application.  
From the researcher opinion about Driessen et al. (2010) classification, 
incompatible factor with the present norms and practices in the organization barrier 
under organizational level is not differ from lack of ergonomics design factors fitness 
within the organizational culture barrier under co-worker level. Also the absence of 
ergonomics plan or program for application barrier under ergonomics design factor level 
is suitable to be under organizational level. Whereas plans and programs are related to 
organizational management and its ergonomics adoption extent.  
The relationship between management commitment to support ergonomics and 
resources was explained by Baumann et al. (2012). They illustrated that lack of 
management commitment may caused lack of resources to the ergonomics program, 
whether personnel resources who are responsible for the application, and financial 
resources allocated by management. Lack of resources may be dependent from 




commitment but there were insufficient financial and personnel resources. Furthermore, 
they referred to others ergonomics barriers in Canada. They highlighted that the 
existence of a leader person to follow up the ergonomics application do not have 
effective effects. Applying ergonomics program included changing in process and 
behavior. They identified that resistance to change as a barrier for the implementation in 
healthcare sector. 
In the United States, Karsh et al. (2013) examined ergonomics barriers in order to 
control MSDs among employees and improve their performance. They mentioned that 
identifying ergonomics barriers were differed from one individual or organization to 
another. They referred this difference to the extent of adoption to ergonomics 
application. Ergonomics adopters can facilitate the application and increase the 
awareness between the project team. While lack of adoption can hinder the application. 
Carayon (2010) reviewed many previous studies related to ergonomics and its 
application in healthcare organizations. This revision was conducted to identify factors 
that can either hinder or facilitate ergonomics adoption for patient safety. He concluded 
that ergonomics adoption in healthcare organizations may encountered the following 
barriers: (i) lack of healthcare systems thinking that consider the interaction between 
individuals and various elements of their environment; (ii) complexity of ergonomics 
concept; (iii) lack of understanding about ergonomics benefits.  
Ismaila and Samuel (2014) discussed ergonomics barriers in Nigeria. They 
illustrated the followings: the nature of ergonomics which combined engineering, 
occupational safety, physical, physiology and environmental aspects, the concentration 
in functionality and productivity where safety issues are ignored, lack of consideration in 
introduced ergonomics in universities courses and training to integrate it in designs and 
construction, and lack of engineers motivation.  
Upon studying the factors affecting the appreciation through applying ergonomics 
design factors in Hong Kong, So and Lam (2014) isolated the following three barriers as 
the most important: conflict between ergonomics and key performance indicators such 




implementation, lack of management awareness about ergonomics benefits, and lack of 
team appropriate for applying ergonomics recommendations. While a clear contractual 
requirement for ergonomics application does not promote ergonomics appreciation 
significantly, but its absence reduces levels of appreciation. In addition, allocating an 
ergonomist for the project can increase levels of appreciation, but ergonomist absence 
will not affect levels of appreciation. 
Applying ergonomics for healthcare providers in the planning and design phase of 
healthcare projects is necessary to cropping ergonomics benefits during facilities 
operation, but some barriers may hindered the application. In Canada, Burns and Vicente 
(2000) explored why ergonomics design factors is not always be adopted in the design 
phase of nuclear power plant. They found that designers and ergonomists encountered 
some barriers during design phase, included the unavailability of data about the users of 
building, and the difficulty of obtaining the data from them. They referred that project 
size is may considered as a barrier. On large projects, there are many parties with 
different views and goals. When a large problem occurred, it broken down into sub-
problems and distributed across different designers according to their expertise, who try 
to solve problems according to their field interest. For the upper project management, it 
is hard to control project phases especially design phase. The researcher see that the 
diversity of project parties views and goals, and the difficulty in control as a result from 
the large project size are two barriers not only for design phase but also for construction 
phase.  
In the United Kingdom, Buckle et al. (2006) conducted a workshop to present 
barriers in design for applying ergonomics in healthcare. They revealed that lack of 
healthcare providers and patients participation in the design phase especially when needs 
to improve patient safety would caused a reduction in understanding the design 
requirements.  
Hignett and Lu (2009), furthermore, interpreted in their study about the use of 
building guidance by healthcare planners and designers in the United Kingdom, why 




changes in healthcare facility design during tendering and construction without return to 
designers, lack of confidence in the quality of the available guidance and its need to be 
developed and updated, the perception of planners and designers that they can do better 
than the guidance due to their sufficient experiences, the use of guidance may loss deign 
freedom and limit creativity, the designers perception that users participation was invalid 
because their lack knowledge in the design process, and the limited duration of project 
while using guidance would consumed time. 
Upon semi-structured interviews, Price and Lu (2013) identified the main barriers 
to hospital space standardization as an essential ergonomics design factor in 
Netherlands. These barriers were: the existence of hospitals that need expanding to be 
suitable for demands that restrict the areas and limit ergonomics innovation, tight project 
budget against the need to increase clinical areas, the large variety of furniture, 
equipment and room sizes, new medical technology being introduced quicker than 
building design guidelines which reflects its need for developing, and too much design 
guidance and their differences from each other resulting in distract designers 
considerations. In this context, Ahmad et al. (2014) also recognized some barriers to 
hospital space standardization. They added unclear design guidance and standards, and 
lack of information about hospitals users and their requirements. The users of healthcare 
facilities are limited on healthcare providers, but there are also patients. Consequently, 
designers are dealing with diversity users with different cultures which considered as a 
barrier.   
In a study aimed to explore how to integrate ergonomics in designing phase, 
Andersen and Broberg (2014) noted that some ergonomics factors were complex and the 
designers found difficulties to interpret. They showed that ergonomics guideline 
document was intended to transfer ergonomics knowledge to designers. But it had some 
limitations when designers experienced a conflict between ergonomics guidelines and 
design criteria, where some design guidance are not considered ergonomics concept.   
Table 2.9 Summarized barriers to ergonomics application in hospitals planning 




Table (2.9): Barriers to ergonomics application in hospitals planning and design 
projects 
Ergonomics barrier Authors 
Management commitment. Hendrick (2003); Driessen et al. (2010); 
Baumann et al. (2012); Karsh et al. 
(2013) 
Leader for ergonomics application. Hendrick (2003); Driessen et al. (2010); 
Baumann et al. (2012) 
Participatory ergonomics. Hendrick (2003) 
Knowledge about human capabilities and 
limitations. 
Hendrick (2003) 
Insufficient financial resources Molen et al. (2005); Driessen et al. 
(2010); Baumann et al. (2012) 
Lack of personnel resources who are 
responsible for the application. 
Driessen et al. (2010); Baumann et al. 
(2012) 
Lack of collaboration with persons and 
structures during the application. 
Driessen et al. (2010) 
Lack of ergonomics design factors fitness 
within the organizational culture. 
Driessen et al. (2010) 
Low relative advantage. Driessen et al. (2010) 
Difficulty of the factor to be implemented Driessen et al. (2010) 
Incompatible factor with the present norms 
and practices. 
Driessen et al. (2010) 
Complexity of factor to be understood and 
used. 
Driessen et al. (2010) 
Absence of ergonomics plan or program 
for application. 
Driessen et al. (2010) 
Resentence to change. Baumann et al. (2012) 




Table (2.9): Continued 
Ergonomics barrier Authors 
Complexity of ergonomics concept. Carayon (2010); Ismaila and Samuel 
(2014) 
Lack of understanding about ergonomics 
benefits. 
Carayon (2010) 
Concentration in functionality and 
productivity. 
Ismaila and Samuel (2014) 
Lack of consideration in introduced 
ergonomics in universities courses and 
training. 
Ismaila and Samuel (2014) 
Lack of engineers motivation. Ismaila and Samuel (2014) 
Conflict between ergonomics and key 
performance indicators. 
So and Lam (2014) 
Lack of management awareness about 
ergonomics benefits. 
So and Lam (2014) 
Lack of team appropriate for applying 
ergonomics recommendations 
So and Lam (2014) 
Contractual requirement for ergonomics 
application. 
So and Lam (2014) 
Allocating an ergonomist for the project. So and Lam (2014) 
Unavailability of data about the users of 
building, and the difficulty of obtaining the 
data from them. 
Burns and Vicente (2000);  Ahmad et al. 
(2014) 
Project size. Burns and Vicente (2000) 
Lack of healthcare providers and patients 
participation in the design phase. 
Buckle et al. (2006) 
The changes in healthcare facility design 
during tendering and construction without 
return to designers. 




Table (2.9): Continued 
Ergonomics barriers Authors 
Lack of confidence in the quality of the 
available guidance. 
Hignett and Lu (2009);  Price and Lu 
(2013) 
Planners and designers can do better than 
the guidance due to their sufficient 
experiences. 
Hignett and Lu (2009) 
Using guidance may loss deign freedom 
and limit creativity. 
Hignett and Lu (2009) 
Designers perception that users 
participation was invalid. 
Hignett and Lu (2009) 
Limited duration of project. Hignett and Lu (2009) 
Existence of hospitals that need expanding. Price and Lu (2013) 
Tight project budget. Price and Lu (2013) 
Too much design guidance and their 
differences. 
Price and Lu (2013) 
Unclear design guidance and standards. Ahmad et al. (2014); Andersen and 
Broberg (2014) 
Some ergonomics design factors were 
complex and the designers found 
difficulties to interpret 
Andersen and Broberg (2014) 
 
2.6. Summary 
Many researchers have been conducted studies to explain the concept of 
ergonomics, so the definition, history, and domains of ergonomics were reviewed in this 
study. In addition, ergonomics design factors in hospitals planning and design projects 
were reviewed. Also, benefits of ergonomics application in such projects were reviewed 
too. Finally, it was necessary to review barriers to ergonomics application in hospitals 














This chapter discusses the methodology which was used in this research. The 
research methodology was chosen to achieve the research aim and objectives. This 
chapter includes information about the research design, research location, research 
period, population, sample size, data collection, questionnaire design and development, 
instrument validity, pilot study, final content of the questionnaire, questionnaire 
distribution and collection, and the method of data processing and analysis. 
3.1. Research aim and objectives 
This research was designed to explore ergonomics application in hospitals 
planning and design projects in Gaza Strip in Palestine, in order to improve safety, 
health, and performance of healthcare providers. The aim was broken down into the 
following four objectives: 
(1) To assess the awareness level of architectural hospitals planners and designers 
about ergonomics design factors in hospitals planning and design projects in 
Gaza Strip, according to their importance and application. 
(2) To identify the benefits of ergonomics application in hospitals planning and 
design projects in Gaza Strip. 
(3) To investigate the barriers those face ergonomics application in hospitals 
planning and design projects in Gaza Strip. 
(4) To evaluate ergonomics application in the existence Gaza city hospitals from 
the perspective of healthcare providers. 
3.2. Research design 
Research design is a plan of how the researcher will follow in order to answer the 
research questions, by choosing the suitable techniques and methods of research (Al 
Kindy et al., 2016). In this research study, the researcher chooses the questionnaire 




ergonomics application in hospitals planning and design projects in Gaza Strip. The 
research was designed by seven main stages as described below and shown in figure 3.1. 
3.2.1. First stage: Theme identification (Problem definition)  
The choice of the research topic came from the researcher interest in architectural 
design, and the vital role of healthcare sector in emergency situations in Gaza Strip. 
Initial reading about problems were experienced by healthcare sector in Gaza Strip and 
other countries such as United States, United Kingdom, and Malaysia was done. This 
step helped researcher to identify the problem, establish research aim, set objectives and 
key research questions. Then, a research plan was developed by deciding the research 
type and techniques. 
3.2.2. Second stage: Literature review 
As an essential stage in this research, a literature review was undertaken in order 
to gather information relating to ergonomics application, and to improve research by 
looking into previous researches design and organization. Consequently, different 
sources of information were used included: 
 Refereed academic research journals 
 Refereed conferences 
 Dissertation/thesis 
 Reports/occasional papers 
 Government publications 
 Books 
A huge quantity of information was obtained, but the researcher evaluated its 
relevance, validity and reliability before using it. This can guaranteed the quality of 
information and narrowed it in the research subject frame. The review of literature 
provided the researcher with ergonomics concept, ergonomics design factors in hospitals 
planning and design, benefits to ergonomics application, and barriers those face 
ergonomics application in hospitals planning design projects. The related items were 




3.2.3. Third stage: Questionnaires design and development 
In this research, two questionnaires were designed, one for architectural engineers 
who participated in hospitals planning and design projects, while the second 
questionnaire was directed to healthcare providers in order to collected data and achieve 
research objectives. Through this stage, the following points have been identified: types 
of questions, the format of questions, the sequence of questions, and covering letter. 
3.2.4. Fourth stage: Pilot study 
The pilot study for the two questionnaires was undertaken by the following two 
steps: 
Experts consultation 
Ten experts were asked to pre-test the two questionnaires about the items, 
measurements, logic problems, questions understanding and wording. The experts were: 
 Five experts in hospitals architectural engineering from academic associated 
doctors, experts from general directorate of engineering and maintenance in 
MOH, and experts from consultant offices pre-tested the hospitals' planners 
and designers questionnaire.  
 Five experts from academic associated architectural engineering, and doctors, 
experts from doctors and nurses working in hospitals pre-tested healthcare 
providers questionnaire.  
The two questionnaires were modified according to the experts remarks. 
Analysis trial run  
A trial run was conducted to the healthcare providers questionnaire before 
circulating it to the whole sample, while the hospitals planners and designers 
questionnaire was not subjected to such run because of its small sample. 50 responses 
questionnaire copies were obtained, coded, and analyzed and tested for validity and 





3.2.5. Fifth stage: Distribution and return of questionnaires 
After piloting and making the required modifications, the final version of the two  
questionnaires were adopted and approved by supervisor and MOH in Gaza Strip. Then, 
the two questionnaires were distributed to their whole samples according to each one 
target group, and returned after given the respondents sufficient time to fill 
questionnaires. 
3.2.6. Sixth stage: Analysis, results presentation, and discussion 
The collected data have been analyzed to determine the direction of the study. The 
analysis was performed using both descriptive and inferential tools of statistical software 
Statistical Package for Social Science (SPSS) version 20. To show the results, the 
quantitative data was summarized and presented in the form of tabulation, bar chart, and 
pie chart. Furthermore, the results were discussed, interpreted, and compared with 
previous related researches findings.  
3.2.7. Seventh stage: Conclusions and recommendations 
Conclusions were presented in the final phase included the major outputs of the 
research and its contributions to knowledge. As well as, recommendations for 
implementation, research limitation, and recommendations for further research were 








































































Figure (3.1): Research design 
Problem definition 
Theme identification 
 Aim development 
 Objectives development.  
 Research questions development. 
 
Literature review 
 Ergonomics design factors. 
 Benefits to ergonomics application. 
 Barriers to ergonomics application. 
 
Questionnaires design and development  
 Architectural engineers questionnaire. 
 Healthcare providers questionnaire. 
 
Pilot study 
 Experts consulting. 




Distribution and return of questionnaires 
 32 respondents for architectural engineers questionnaire. 
 392 respondents for healthcare providers questionnaire. 
 
 
Analysis, results presentation, and discussion 
 





3.3. Research location 
The research was carried out in Gaza Strip, which consists of five governorates: 
The Northern governorate, Gaza governorate, the Middle governorate, Khan Younis 
governorate, and Rafah governorate. While the evaluation of ergonomics application in 
the existence hospitals was focused in Gaza city hospitals, because it is the major city 
and contains the highest number of hospitals (15 hospitals) in comparison with other 
governorates.   
3.4. Target population and sampling of the questionnaires 
The questionnaires survey was conducted in 2015. There were two research 
population, that: 
 Architectural planners and designers who participated in hospitals planning 
and design projects in Gaza Strip (for hospitals planners and designers 
questionnaire). 
 Doctors and nurses from healthcare providers who worked in Gaza city 
hospitals (healthcare providers questionnaire). 
In the other hand, snowball sample was chosen as the type of sample for hospitals' 
planners and designers questionnaire. Snowball sampling is the method of asking study 
participants to make referrals to other potential participants, who in turn make referrals 
to other participants, and so on (Davis, 2014). Snowball sampling techniques offer an 
established method for identifying and contacting hidden populations (Atkinson and 
Flint, 2001). Architectural engineering who participated in hospitals planning and design 
projects worked in MOH, and consultant offices were targeted. According to snow ball 
sampling, the researcher reach 36 architectural engineers and she could not find more 
others. So that, 36 copies of hospitals planners and designers questionnaire were 
distributed, while the total of 32 questionnaires were satisfactory completed. 
Cluster sample was chosen as the type of sample for healthcare providers 
questionnaire. In cluster sampling, population is divided into units or groups, which 




Healthcare providers population was divided into doctors and nurses. Then, doctors and 
nurses were divided according their hospitals, and targeted those worked in all Gaza city 
hospitals (15 hospitals). According to the report of working force report for the year of 
2013 that published by MOH in July- 2014, there were 1797 doctors and nurses worked 









       (3.1) 
 
Where: 
Z = Z value (e.g. 1.96 for 95% confidence level). 
m = confidence interval (margin of error), expressed as decimal  (e.g., .05 = ±5) 
 
Correction for finite population 
n  corrected  = 1 
nN
N n   (3.2) 
 
Where:  
N = Population size 
 













The population size is 1797, the corrected sample size using equation (3.2) is: 








Therefore, the minimum sample size required is at least 317. Table 3.1 shows 
population size and sample size from doctors and nurses for each hospital. To reach this 
number, the researcher distributed 415 copies of questionnaire that was more than the 
required number, because some doctors and nurses may did not have sufficient time for 
answering due to their heavy work. All hospitals allowed for doctors and nurses to fulfill 
the questionnaire except the specialist eyes hospital. The total of 392 questionnaires 
were satisfactory completed. 
3.5. Questionnaires design and development 
A self administrated two questionnaires were used for data collection. Three 
fundamental stages were taken for constructing the questionnaires:  
 Identifying the first thought questions.  
 Formulating the final questionnaire. 
 Wording of questions. 
Identification of items for the study and preparation of questionnaire was a crucial 
step for the success of the research. Significant effort has done to identify items of 
ergonomics design factors, benefits of ergonomics application, and barriers to 
ergonomics application, and there is a well-documented and peer reviewed set of those 
available items in the literature review in the previous chapter. According to the review 
of literature related to ergonomics application in hospitals' planning and design projects, 
a well-designed two questionnaires were developed for this study, which were: 
 Hospitals planners and designers questionnaire. 













































El- Shifa Complex Hospital  337 40.50 495 59.50 832 62.98 
73.51 
 147 59 88 
El- Naser Hospital 51 32.69 105 67.31 156 11.81  28 9 19 
Dura Hospital 37 37.37 62 62.63 99 7.49  17 7 10 
El- Rantisi Hospital 30 27.27 80 72.73 110 8.33  19 5 14 
Eyes Hospital 37 58.73 26 41.27 63 4.77  11 6 5 
Psychiatric Hospital 17 27.87 44 72.13 61 4.62  11 3 8 

















Al- Quds Hospital 52 41.27 74 58.73 126 26.47 
26.49 
 23 9 14 
Ahli arab Hospital 25 59.52 17 40.48 42 8.82  7 4 3 
Patient's friends Hospital 59 59.60 40 40.40 99 20.80  17 10 7 
Public aid Hospital 21 47.73 23 52.27 44 9.24  8 4 4 
El- Sahaba complex Hospital 35 87.50 5 12.50 40 8.40  7 6 1 
Specialist Eye Hospital 0 0.00 4 100.00 4 0.84  1 0 1 
El- Wafa Hospital 11 18.64 48 81.36 59 12.39  10 2 8 
Heart and Blood Vessels 22 56.41 17 43.59 39 8.19  7 4 3 
Jordan Hospital 8 34.78 15 65.22 23 4.83  4 1 3 
Total 233 - 243 - 476 100.00  84 40 44 




The questionnaires consisted of close-ended (multiple choice) questions. The 
objectives from each questionnaire are shown in table 3.2. 
Table (3.2): The objectives of questionnaires 
Questionnaire Objectives 
Hospitals planners and 
designers 
questionnaire 
 To assess the awareness level of hospitals planners and 
designers about ergonomics design factors in hospitals' 
planning and design projects in Gaza Strip, according to 
their importance and application. 
 To identify the benefits of ergonomics application in 
hospitals' planning and design projects in Gaza Strip. 
 To investigate the barriers those face ergonomics 




 To evaluate ergonomics application in the existence Gaza 
city hospitals from the perspective of healthcare 
providers. 
 
Hospitals planners and designers questionnaire was divided into four parts as 
follows: 
 Part one: general information. 
 Part two: the importance and the application of ergonomics design factors. 
 Part three: benefits of ergonomics application in hospitals' planning and 
design projects. 
 Part four: barriers to ergonomics application in hospitals' planning and design 
projects. 
Healthcare providers questionnaire was divided into two parts as follows: 




 Part two: the importance and the satisfaction level about ergonomics design 
factors in Gaza hospitals. 
And of course, the questionnaires were provided with a covering letter explaining 
the aim of the research, the security of the information in order to encourage a high 
response, and the way of responding. Five-point Likert scale was used in the two 
questionnaires (1= lowest scale and 5= highest scale). 
3.6. Pilot study 
Piloting is a vital research stage before gathering the final data from the whole 
sample (Fellows and Liu, 2008). The pilot study was divided mainly in two parts. The 
first part was conducted by consulting relevant experts, while the second part was a trial 
run for the questionnaire and used statistical tests in order to check the questionnaire 
validity and reliability, respectively. Piloting is conducted in order to (Naoum, 2007): 
 Determine the time required by respondents to complete, and ensure that is 
reasonable. 
 Make sure that the instructions are clear and precise. 
 Obtain feedback about any omitted factors related to the topic, and the layout 
of the questionnaire. 
 Discover objects hindered respondents from answering any question.  
 Test the validity and reliability of the data gathered to ensure it is suitable for 
analysis. 
3.6.1. Experts consultation 
The first type was undertaken by inviting experts to review the two questionnaires 
and make adjustments that best fit the local conditions. For hospitals planners and 
designers questionnaire, 5 experts reviewed the questionnaire. Table 3.3 shows some 







































































































































 Educational level needs to be added in the part 1 of questionnaire. 
 In part 2, “completely understanding work system and elements in 
the healthcare building that needs to be construct or renovation” is 
confirmed to be modified to “complete understanding of working 
system within hospital building”.  
 In part 2 “determination of different knowledge and specialists 
related to the systems” needs to be modified to “consulting experts 
of health and safety during planning and design phase”. 
 In part 2, “standardization” in spatial ergonomics factors should be 
deleted because all statements in this groups are design standards. 
 In part 2, “orientation of the space” and “location of the space” 
needs to be merged in one factor. 
 In part 2, “workspace size” and work space areas” needs to be 
merged in “sufficient spaces dimensions and areas” 
 In part 2, “design medical devices in ergonomics principles” needs 
to be modified to “standardized the arrangement of medical devices 
in spaces”. Because the design of these devices cannot be 
controlled be architect. 
 In part 2, “music” factor needs to be deleted because it is not match 
with Palestinian culture 
 In part 3, “increase healthcare providers satisfaction” benefit needs 
to be as a benefit to hospitals management not to healthcare providers. 
 In part 4, “the weakness of administrative monitoring for 

















































































 The questionnaire is too long making respondents tedium and give 
unrealistic information. So that, it needs to be short as possible. 
 Some statements in ergonomics design factors, ergonomics benefits 
and ergonomics barriers have the same meaning that can be 
merged. So the researcher should read the questionnaire again and 
merge these statements.  
 The distribution of structural elements and their locations in 
healthcare spaces is very important to facilitate works and 
movements, so it should be added to the spatial ergonomics factors 
in part 2. 
 The mechanical and electrical design requirements should be added 
in part 2. The architectural design is doing in coordination with 
mechanical and electrical engineers. Design requirements are 
influence the interior spatial environment, and affect healthcare 
providers capabilities and works if there are defects. 
 The existence of prevention fire system can affect healthcare 
providers psychologically and enhance their safe. So that its design 
requirements are preferable to be added in part 2. 
 The question that related to determine the best plan's form and 
spatial arrangement of hospitals' wards that give the best solution 
for ergonomics factors is not suitable needs to be deleted. 
 In part 4, “hard political and economic situation in Gaza Strip” 
should be added as a barrier to ergonomics application in hospitals 





























































































 In part 2, physical ergonomics design factors can be categorized in 
to the following sub-groups: 
 Spatial factors. 
 Circulation factors 
 Interior design factors 
 Infection control factors 
 Exterior design factors 











































































 The question that related to determine the best plan's form and 
spatial arrangement of wards that give the best solution for 
ergonomics factors is not suitable needs to be deleted. 
 "Difficulty to apply some ergonomics factors because of the 
political and economical situation in Gaza Strip" confirmed to be 











































































 The duration is contained in "the number of healthcare projects that 
you contributed in their planning and design phase during the last 
five years" in the first part of questionnaire is suitable to be 
increased. Because of the political and economical situation in 
Gaza Strip in these five years that reflects to reduce the number of 
projects. 




After modifying hospitals planners and designers questionnaire according to the 
notes of the experts, healthcare providers questionnaire was designed with consideration 
of experts (A,B,C,D, and E) notes. Another 5 experts were invented to review healthcare 
providers questionnaire. Table 3.4 shows some detailed information about the experts 
experience, their work, and their notes about the questionnaire. 






















































































 The second part of questionnaire needs to be assigned for 
one question that is the level of acceptance on statements 
according to likert scale, instead of the level of importance 
and the level of satisfaction. 
 The statement of the second part need to be reformulated to 




























































 Educational level needs to be added in the first part of 
questionnaire. 
 Respondent age confirmed to be added in the first part from 
questionnaire. 



































































































 In part 2, "the heights of spaces ceilings" should be added. 













































































































 Everything was  clear 
 
3.6.2. Trail run 
The implementation of pilot study trail run for the two research questionnaires 
depended on their whole sample size. A sample around 30-50 people is usually enough 




conducted for healthcare providers questionnaire whose sample size is large. While 
hospitals planners and designers questionnaire was not bring to pilot study because of 
their small sample size (32 respondents). According to that, the questionnaire was 
distributed to 50 nurses and doctors for assessment and feedback. Some minor 
comments from respondents were considered on the questionnaire when the researcher 
asked the respondents about the clarity of the instructions. Furthermore, the average time 
required to answer the healthcare providers questionnaire was 10-15 minutes. While the 
average time required to answer the hospitals' planners and designers questionnaire was 
20 minutes and determined in face validity, as shown in table 3.5. 













Healthcare providers questionnaire Yes 50 10-15 minutes 
 
All the copies were collected, coded, and analyzed through Statistical Package for 
Social Science (SPSS) version 20. The tests that carried out were: 
 Statistical validity of the questionnaire. 
 Reliability of questionnaire. 
3.6.2.1. Statistical validity of the questionnaire 
In quantitative research, validity refers to the degree to which an instrument (or in 
this case questionnaire) measures what it was designed to measure (Poilt and 
Hungler,1985; Field, 2009; Al Kindy et al., 2016). To insure the validity of the 
questionnaire, two statistical tests should be applied. The first test is criterion-related 
validity test (Spearman test) which measure the correlation coefficient between each 




test) that used to test the validity of the questionnaire structure by testing the validity of 
each field and the validity of the whole questionnaire. It measures the correlation 
coefficient between one filed and all the fields of the questionnaire that have the same 
level of similar scale (Garson, 2013).  
Criterion-related validity of the questionnaires 
Criterion-related validity is the first statistical test that used to test the validity of 
the questionnaire by measuring the correlation coefficients between each item in one 
field and the whole filed (Garson, 2013). Tables in appendix E and appendix F show the 
correlation coefficient and p-value for each field items for both hospitals' planners and 
designers questionnaire, and healthcare providers questionnaire. As shown in the tables 
P-values are less than 0.05, so the correlation coefficients of each field are significant at 
α = 0.05. Thus it can be said that the items of each field are consistent and valid to 
measure what it were set for in both two questionnaires. 
Structure validity of the questionnaires              
Structure validity is the second statistical test that used to test the validity of the 
questionnaire structure by testing the validity of each field and the validity of the whole 
questionnaire. It measures the correlation coefficient between one filed and all the fields 
of the questionnaire that have the same level of rating scale (Garson, 2013). The results 
of this test for hospitals' planners and designers questionnaire and healthcare providers 
questionnaire are shown in table 3.6 and table 3.7. The significance values are less than 
0.05. Thus it can be said that the fields are valid to be measured what it were set for to 















Importance of ergonomics design factors in 
hospitals' planning and design projects 
0.767 0.000* 
Application of ergonomics design factors in 
hospitals' planning and design projects 
0.829 0.000* 
Benefits of ergonomics application in 
hospitals' planning and design projects 
0.718 0.000* 
Barriers to ergonomics application in 
hospitals' planning and design projects 
0.693 0.000* 
* Correlation is significant at the 0.05 level  






The application of ergonomics design factors 
in the existence Gaza hospitals 
0.752 0.000* 
* Correlation is significant at the 0.05 level  
3.6.2.2. Reliability test 
The reliability of an instrument (or in this case questionnaire) is the degree of 
consistency, stability, or dependability which  measures the attribute it is supposed to be 
measuring. In other words, it is an extent to which an instrument produces the same 
results on repeated trials under the same conditions. The less variation an instrument 
produces in repeated measurements of an item/ variable, the higher its reliability (Poilt 
and Hunger,1985; Field, 2009; Bolarinwa, 2015; Al Kindy et al., 2016; ). The 
importance of reliability test is generated from two reasons, which are the accuracy of 




by three methods, included: (i) test-retest method; (ii) half split method; and (iii) 
Cronbach's coefficient alpha (Webb et al., 2006).  
Test-retest method 
In test-retest method, the questionnaire is applied on a sample twice time with 
period of two weeks between each one, then the correlation coefficient between the 
respondents answers in the first and second test (Webb et al., 2006). This method 
consuming time not only for the researcher, but also for the respondents from 
architectural engineers, and healthcare providers who are busy having works. 
Consequently, test-retest method was not used in this research. 
Half split method 
This method splits the data set into two randomly. A score for each respondent is 
then calculated based on each half of the scale. If a scale is very reliable the score of the 
respondent on one half of the scale should be the same to the score on the other half. 
Across several respondents, scores from the two halves of the questionnaire should 
correlate  perfectly. The correlation between the two halves is the statistic computed in 
the Half Split method, with large correlations being a sign of reliability. The problem 
with this method is that there are several ways in which a set of data can be split into two 
and so the results could be a product of the way in which the data were split (Field, 
2009). Consequently, Half Split method was not used in this research. 
Cronbach's coefficient alpha 
The most popular method of reliability test is Cronbach's coefficient alpha (Wells 
and Wollack, 2003), so that it is used in this research to measure the two questionnaires 
reliability. It depends on measuring the reliability of the questionnaire between each 
field and the mean of the whole fields of the questionnaire. The value of Cronbach's 
coefficient alpha normally ranges from 0 to +1.00, with values close to 1.00 indicating 
high consistency (Wells and Wollack, 2003). Roles for this value were referred by 
George and Mallery (cited in Gliem and Gliem, 2003: 87) as follows:  




 If the value is less than 0.9 and higher than or equal 0.8, the consistency is 
good. 
 If the value is less than 0.8 and higher than or equal 0.7, the consistency is 
acceptable. 
 If the value is less than 0.7 and higher than or equal 0.6, the consistency is 
questionable. 
 If the value is less than 0.6 and higher than or equal 0.5, the consistency is 
poor. 
 If the value is less than 0.5, the consistency is unacceptable. 
The value of Cronbach's coefficient alpha should be above 0.6 (Chan, 2015). The 
Cronbach’s coefficient alpha was calculated for each field of the two questionnaires, the 
results of this test are shown in table 3.8 and table 3.9. 





Importance of ergonomics design factors in hospitals' planning 
and design projects 
0.928 
Application of ergonomics design factors in hospitals' planning 
and design projects 
0.968 
Benefits of ergonomics application in hospitals' planning and 
design projects 
0.893 





Cronbach's coefficient alpha was calculated for four fields of hospitals' planners 
and designers questionnaire. The result were in the range from 0.889 and 0.968. This 




questionnaire. Furthermore, Cronbach's coefficient alpha equals 0.955 for the entire 
questionnaire which indicates an excellent reliability of the entire questionnaire. 









In healthcare providers questionnaire, the values of Cronbach's coefficient alpha 
for its one field was 0.817 that is considered high, so that the result ensures the 
reliability of each field of the questionnaire.  
3.7. Final amendment to the questionnaires 
After face validity and piloting, the two questionnaires were adopted and 
distributed to the whole sample. The two questionnaires were provided with covering 
letters explaining the aim of the research, the security of the information in order to 
encourage a high response, and the way of responding. The original hospitals' planners 
and designers questionnaire, and healthcare providers questionnaire were developed in 
English language that attached in appendix A and appendix C, respectively. Based on 
the belief of the researcher that the questionnaires would be more effective and easier to 
be understood for all respondents if they were in Arabic (native  language), the hospitals' 
planners and designers questionnaire, and healthcare providers questionnaire were 
translated in Arabic language that attached in appendix B and appendix D, respectively. 
Regarding the final content of the two questionnaires, as mentioned above in (3.2 
research design), the researcher summarized a set of items that related to ergonomics 
design factors, benefits, and barriers to ergonomics application that were reviewed in the 
previous chapter (literature review) in three tables (2.5), (2.7), and (2.9), where the 




ergonomics application benefits, and 33 items of barriers to ergonomics application. 
According to the research objectives, those items were used in: 
 Three parts of hospitals planners and designers questionnaire (part 2, part 3, 
and part 4), while part one was designed by the researcher that was general 
information about the respondent and hospitals' projects that the respondent 
contributed in its planning and design.  
 One part of healthcare providers questionnaire (part 2), while part one was 
designed by the researcher that was general information about the respondent 
and hospitals. 
In the two questionnaires design, some items have been modified, merged, added, 
and deleted. All changes in those items for the two questionnaires can be followed 
through tables from 3.19 to table 3.22. Based on that, the final questionnaires contain the 
following: 
3.7.1. Hospitals planners and designers questionnaire 
 Part one: General information about the respondent and hospitals planning 
and design projects that he/she contributed in their planning and 
design phase. In this part, the respondent was asked to respond 6 
questions (QE1 to QE6) about educational level, years of work 
experience, number of healthcare projects that the respondent 
contributed in their planning and design phase, the respondent 
position during his/her contribution, the average budget of one 
healthcare project, and the organization type where the respondent 
contributed in healthcare projects. 
 
 Part two: To assess the awareness level of hospitals planners and designers 
about ergonomics design factors in hospitals' planning and design 
projects in Gaza Strip, according to their importance and application. 
This part of questionnaire consists of 43 ergonomics design 




from the groups (physical ergonomics design factors group was 
divided into 5 sub-groups according to table 3.11. 
Table (3.10): Ergonomics design factors groups in hospitals' planners and designers 
questionnaire 
Groups Number of factors/items 
General ergonomics design factors group 6 
Physical ergonomics design factors group 34 




Table (3.11): Physical ergonomics design factors sub-groups in hospitals' planners and 
designers questionnaire 
Sub-groups Number of factors/items 
Spatial factors 10 
Circulation factors 6 
Interior design factors 6 
Infection control factors 6 
Exterior design factors 6 
 
 Part three: To identify the benefits of ergonomics application in hospitals 
planning and design projects in Gaza Strip. This part of 
questionnaire consists of 14 benefits/items (BE1 to BE14) to 
ergonomics application. The benefits were divided under 3 groups, 







Table (3.12): Benefits groups  of ergonomics application in hospitals' planners and 
designers questionnaire 
Groups Number of benefits/items 
Benefits to healthcare providers 6 
Benefits to patients 3 
Benefits to hospitals management 5 
 
 Part four: To investigate the barriers those face ergonomics application in 
hospitals' planning and design projects in Gaza Strip. This part of 
questionnaire consists of 33 barriers/items (BA1 to BA33) to 
ergonomics application. The respondent was asked to specify 
strength level for each barrier.  
  
 
Table 3.13 illustrates a summary about how items were obtained for each field in 
the hospitals' planners and designers questionnaire. 
Table (3.13): A summary illustrates how items were obtained for each field in the 
















































































Importance of ergonomics design 
factors in hospitals' planning and 
design projects 
24 7 2 1 9 2 43 
Application of ergonomics design 
factors in hospitals' planning and 
design projects 




















































































Benefits of ergonomics application 
in hospitals' planning and design 
projects 
10 0 0 2 0 2 14 
Barriers to ergonomics application 
in hospitals' planning and design 
projects 
28 2 0 0 2 1 33 
 
3.7.2. Healthcare providers questionnaire 
 Part one: General information about the respondent and hospital worked in it. 
In this part, the respondent was asked to respond 8 questions (QH1 to 
QH8) about hospital name, hospital type, supervision agency, hospital 
construction year, respondent educational level, position of respondent, 
years of experience, and his/ her age. 
 Part two: To evaluate ergonomics application in the existence Gaza city 
hospitals from the perspective of healthcare providers. This part of 
questionnaire consists of 2 questions (FQ1 and FQ2), and 36 
ergonomics design factors/items (FH1 to FH36) under 2 groups, as 
shown in table 3.14. One from the groups (physical ergonomics 






Table (3.14): Ergonomics design factors groups in healthcare providers questionnaire 
Groups Number of factors/items 
Physical ergonomics design factors group 30 
Environmental ergonomics design factors group 6 
 
Table (3.15): Physical ergonomics design factors sub-groups in healthcare providers 
questionnaire 
Sub-groups Number of factors/items 
Spatial factors 10 
Circulation factors 6 
Interior design factors 6 
Infection control factors 5 
Exterior design factors 3 
 
Table 3.16 illustrates a summary about how items were obtained for each field in 
the healthcare providers questionnaire. 
Table (3.16): A summary illustrates how items were obtained for each field in the 
















































































The application of ergonomics 
design factors in the existence Gaza 
hospitals 





The numerical rating scale was chosen to format the questions of the 
questionnaires with some common sets of response categories called quantifiers 
(Naoum, 2007). Those  quantifiers were used to facilitate understanding for the two 
questionnaires as shown in table 3.17, and table 3.18. 
Table (3.17): The used quantifiers for the rating scale (the five-point likert scale) of 
hospitals planners and designers questionnaire 
Field Scale 
The importance of 













The application of 
ergonomics design factors. 
Never rarely Sometimes Often Always 














The strengthen of barriers to 
ergonomics application. 






Numerical scale 1 2 3 4 5 
 
Table (3.18): The used quantifiers for the rating scale (the five-point likert scale) of 
healthcare providers questionnaire 
Field Scale 
The application of 
ergonomics design factors in 




disagree Neutral  Agree  Total 
strongly 
agree 





Table (3.19): List of items of ergonomics design factors for final hospitals planners and designers questionnaire 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
  General ergonomics design factor 
  F1 Complete understanding of working system within 
hospital building. 
Carayon et al. (2014); Edwards and Jensen (2014) Modified 
F2 Clear definition for building users and their requirements. Carayon et al. (2014); Edwards and Jensen (2014) From literature review 
F3 Participation of healthcare providers and patients in 
planning and design. 
Hignett and Lu (2009); Carayon et al. (2014); 
Edwards and Jensen (2014) 
From literature review 
F4 Written ergonomics program of the application 
mechanism. 
Abdul-Tharim (2011) From literature review 
F5 The use of healthcare buildings design and ergonomics 
guidance. 
Kumar (2000); Hignett and Lu (2009) From literature review 
F6 Consulting experts of health and safety during planning 
and design phase. 
Kumar (2000); Hignett and Lu (2009); Carayon et 




    
- Standardization Reiling (2005); Chaudhury  et al. (2009); Saucier 
et al. (2010); Price and Lu (2013); Ahmad et al. 
(2014) 
Deleted 
F7 The appropriate selection of space location and orientation 
for functionality. 
Mahmood et al. (2011); Mourshed and Zhao 







Table (3.19): Continued  
No. Ergonomics design factors Source 
The way that was done  
to get the item 
F8 The appropriate selection of space shape that provide 
smooth working. 
Chaudhury  et al. (2009); Mahmood et al. (2011); 
Abu Samah et al. (2013); Price and Lu (2013); Liu 
et al. (2014) 
From literature review 
F9 Sufficient spaces dimensions and areas. Morelli (2007); Chaudhury  et al. (2009); Saucier 
et al. (2010); Mahmood et al. (2011); Mahmood et 
al. (2012); Price and Lu (2013); Coluci and 
Alexandre (2014); Liu et al. (2014) 
Merged and modified 
F10 The appropriate height of spaces ceilings. - Added by experts  
F11 The appropriate dimensions of doors and windows 
openings. 
Price and Lu (2013); Ahmad et al. (2014) Modified 
F12 Provide spaces for healthcare providers rest. Mahmood et al. (2011) From literature review 
F13 Achieve privacy in healthcare providers units. Mahmood et al. (2011) From literature review 
F14 Consider the design requirements for mechanical and 
electrical systems. 
  Added by experts  
F15 Consider the design requirements for fire-fighting 
systems. 
- Added by experts 
F16 Consider the distribution of structural elements in spaces. - Added by experts  
 
Circulation factor 
    
F17 Reduce the distances traveled by healthcare providers 
during work. 




Table (3.19): Continued 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
F18 Design corridors with appropriate dimensions so as not to 
hinder the movement and lead to congestion. 
Abu Samah et al. (2013); Liu et al. (2014) From literature review 
F19 Provide adequate number of stairs and elevators according 
to the movement intensity and nature. 
Abu Samah et al. (2013) Modified 
F20 Study the entrances and exits of healthcare providers, 
especially in emergency situations to facilitate their work. 
Abu Samah et al. (2013) Modified 
F21 Provide ramps with appropriate dimensions and slopes. - Added by experts 
F22 The use of familiar wayfindings to determine spaces 
location.  
Abu Samah et al. (2013) Modified 
 
Interior design factor 
    
F23 Using the appropriate ergonomics furniture. Chaudhury  et al. (2009); Mahmood et al. (2011); 
Mehta et al. (2011); Ghazali and Abbas (2012); 
Mourshed and Zhao (2012); Abu Samah et al. 
(2013); Price and Lu (2013); Coluci and 
Alexandre (2014)  
From literature review 
F24 Standardized the arrangement of medical devices in spaces Chaudhury  et al. (2009); Mahmood et al. (2011); 
Mehta et al. (2011); Ghazali and Abbas (2012); 
Mourshed and Zhao (2012); Abu Samah et al. 
(2013); Price and Lu (2013); Coluci and 
Alexandre (2014)  




Table (3.19): Continued 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
F25 Using the appropriate colors. Chaudhury  et al. (2009); Ghazali and Abbas 
(2012); Mourshed and Zhao (2012); Abu Samah et 
al. (2013) 
From literature review 
F26 Using the appropriate finishing materials. Abu Samah et al. (2013) From literature review 
F27 The use of natural elements such as plants in spaces. Mourshed and Zhao (2012) From literature review 
F28 Provide areas for art pieces.  Ghazali and Abbas (2012); Mourshed and Zhao 
(2012); Abu Samah et al. (2013) 
From literature review 
- Music Ghazali and Abbas (2012) Deleted 
 
Infection transmission control factor 
    
F29 Cleanliness and ease of maintenance. Rao (2004); Bartley et al. (2010) From literature review 
F30 Functional separation between outpatients, inpatients 
wards and diagnostic services areas. 
Rao (2004); Bartley et al. (2010) From literature review 
F31 Separation of critical areas from general traffic and air 
movements 
Rao (2004); Bartley et al. (2010) From literature review 
F32 Isolation of infection cases wards Rao (2004); Bartley et al. (2010) From literature review 
F33 Provision of adequate number of wash hand within patient 
care areas and nurse stations 
Rao (2004); Bartley et al. (2010) From literature review 
F34 Isolation of the waste removable circulation and its 
assembly places from wards and departments 




Table (3.19): Continued 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
 
Exterior design factor 
    
F35 Planning and design hospital site paths to facilitate 
healthcare providers movements among building facilities. 
- Added by experts  
F36 Provide external open spaces for healthcare providers. Ghazali and Abbas (2012); Mourshed and Zhao 
(2012); Bengtsson and Grahn (2014) 
From literature review 
F37 Provide sufficient number of parking for ambulances and 
healthcare providers cars.  
Ghazali and Abbas (2012); Mourshed and Zhao 
(2012); Bengtsson and Grahn (2014) 
From literature review 
 Environmental ergonomics design factor     
F38 Studying light within healthcare building spaces. Parsons (2000); Joseph (2006); Chaudhury  et al. 
(2009); Mahmood et al. (2011); Ghazali and 
Abbas (2012); Mahmood et al. (2012); Mourshed 
and Zhao (2012); Sarode and Shirsath (2012); Abu 
Samah et al. (2013); Coluci and Alexandre (2014); 
Elias and Calil (2014); Omidiandost et al. (2015) 
Modified 
F39 Studying all sounds types and find solutions for noise. Parsons (2000); Joseph (2006); Morelli (2007); 
Chaudhury  et al. (2009); Mahmood et al. (2011); 
Ryherd et al. (2011); Tziaferi et al. (2011); 
Ghazali and Abbas (2012); Mahmood et al. 
(2012); Mourshed and Zhao (2012); Abu Samah et 
al. (2013); Salonen and Morawska (2013); Coluci 
and Alexandre (2014); Elias and Calil (2014); Liu 





Table (3.19): Continued 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
F40 Studying air movement and quality within healthcare 
building spaces. 
Mourshed and Zhao (2012); Abu Samah et al. 
(2013) 
Modified 
F41 Studying the temperature within healthcare building 
spaces to keep thermal comfort. 
Parsons (2000); Yau and Chew (2009); Mahmood 
et al. (2011); Lomas and Giridharan (2012); 
Mourshed and Zhao (2012); Abu Samah et al. 
(2013); Coluci and Alexandre (2014); Elias and 
Calil (2014) 
From literature review 
F42 Studying humidity within healthcare building spaces. - Added by experts  
F43 Studying vibrations that occur due to the internal and 
external environment and find solutions.  
Parsons (2000) From literature review 
F= Ergonomics design factors 
Table (3.20): List of items of benefits of ergonomics application for final hospitals' planners and designers questionnaire 
No. Benefits of ergonomics application Source 
The way that was done  
to get the item 
             Benefits to healthcare providers 
BE1 Enhance good working conditions Vink et al. (2006); Andersen and Broberg (2014)  Merged 
BE2 Decrease healthcare providers stress. Ulrich et al. (2004); Chaudhury  et al. (2009); 
Bartley et al. (2010) 




Table (3.20): Continued 
No. Benefits of ergonomics application Source 
The way that was done  
to get the item 
BE3 Reduce fatigue and pain related to work especially back 
and neck pain 
 
Tarcan et al. (2004); Ulrich et al. (2004); 
Chaudhury  et al. (2009); Bartley et al. (2010) 
From literature review 
BE4 Improve healthcare providers safety, by reducing injuries 
and accidents 
Ulrich et al. (2004); Joseph (2006); Rechel et al. 
(2009); Bartley et al. (2010) 
From literature review 
BE5 Reduce medical errors that occurred by healthcare 
providers during their work 
Ulrich et al. (2004); Joseph (2006); Chaudhury  et 
al. (2009); Rechel et al. (2009); Wears et al., 
(2010); Huisman et al. (2012); Mourshed and Zhao 
(2012); Price and Lu (2013); Ahmad et al. (2014) 
From literature review 
 Benefits to patients   
BE6 Rapid healthcare services introducing to patients 
especially in emergency situation 
Ulrich et al. (2004); Reiling (2005); Carayon 
(2010); Huisman et al. (2012); Mourshed and Zhao 
(2012); Price and Lu (2013) 
From literature review 
BE7 Patient safety Ulrich et al. (2004); Reiling (2005); Glind et al. 
(2007); Carayon (2010); Huisman et al. (2012); 
Ahmad et al. (2014);  
From literature review 
BE8 Reduce patient stress Ulrich et al. (2004) From literature review 
 Benefits to hospitals' management   
BE9 Increase healthcare providers satisfaction 
 
Ulrich et al. (2004); Joseph (2006); Bartley et al. 
(2010) 




Table (3.20): Continued 
No. Benefits of ergonomics application Source 
The way that was done  
to get the item 
BE10 Advance the organizational culture of safety. Hendrick (2003) From literature review 
BE11 Improve the performance of healthcare providers, quality 
of services, and productivity. 
Vink et al. (2006); Price and Lu (2013); Ismaila 
and Samuel (2014) 
Merged 
BE12 Reduce hospitals operational cost. Beevis (2003); Goggins et al. (2008); Price and Lu 
(2013); Ismaila and Samuel (2014) 
Merged and modified 
BE13 Reduce losing time during work. Hendrick (2003); Price and Lu (2013); Ismaila and 
Samuel (2014) 
Merged and modified 
BE14 Contribute to human sustainable development. Huisman et al. (2012); Radjiyev et al. (2014) From literature review 
BE: Benefits of ergonomics application 
Table (3.21): List of items of barriers to ergonomics application for final hospitals planners and designers questionnaire 
No. Barriers to ergonomics application Source 
The way that was done  
to get the item 
    BA1 The difficulty of understanding ergonomics nature which 
combined engineering, occupational safety, physical, 
physiology and environmental aspects. 
Ismaila and Samuel (2014) From literature review 
BA2 Lack of management adoption and commitment to 
support ergonomics application. 
Hendrick (2003); Driessen et al. (2010); Baumann 
et al. (2012); Karsh et al. (2013) 
From literature review 
BA3 Lack of management awareness about ergonomics 
benefits. 
 




Table (3.21): Continued 
No. Barriers to ergonomics application Source 
The way that was done  
to get the item 
BA4 The absence of ergonomics plan or program for 
implementation. 
Driessen et al. (2010) From literature review 
BA5 The absence of a leader who responsible for ergonomics 
application. 
Hendrick (2003); Driessen et al. (2010); Baumann 
et al. (2012) 
From literature review 
BA6 Lack of engineers motivation for ergonomics application. Gambatese et al. (2005); Molen et al. (2005) From literature review 
BA7 Conflict between ergonomics and key performance 
indicators. 
So and Lam (2014) From literature review 
BA8 The concentration in functionality and productivity, while 
safety issues were ignoring. 
Ismaila and Samuel (2014) From literature review 
BA9 The existence of many project parties with different views 
and goals. 
Burns and Vicente (2000) From literature review 
BA10 The difficulty in control and coordination between parties 
especially when a problem occurs due to the large project 
size. 
Burns and Vicente (2000) From literature review 
BA11 The absence of a clear contractual requirement for 
ergonomics application. 
So and Lam (2014) From literature review 
BA12 The weakness of administrative monitoring for 
ergonomics application. 
 




Table (3.21): Continued 
No. Barriers to ergonomics application Source 
The way that was done  
to get the item 
BA13 Insufficient financial resources that required for 
ergonomics application. 
Molen et al. (2005); Driessen et al. (2010); 
Baumann et al. (2012) 
From literature review 
BA14 Lack of personal resources that required for ergonomics 
application. 
Hendrick (2003); Driessen et al. (2010) From literature review 
BA15 Low relative advantage of some ergonomics design factor 
versus resources need. 
Driessen et al. (2010) From literature review 
BA16 The belief of ergonomics application needs additional 
resources that strain the project. 
Price and Lu (2013) From literature review 
BA17 Lack of ergonomics consideration in universities courses 
and training. 
Ismaila and Samuel (2014) From literature review 
BA18 Designers culture and their lack knowledge about 
ergonomics application. 
Price and Lu (2013) Modified 
BA19 Limit understanding of hospitals design requirements and 
standards.  
Buckle et al. (2006) From literature review 
BA20 Limit duration of hospitals planning and design phase. Hignett and Lu (2009) From literature review 
BA21 Lack of healthcare providers and patients participation in 
design phase. 
Hendrick (2003); Buckle et al. (2006) From literature review 




Table (3.21): Continued 
No. Barriers to ergonomics application Source 
The way that was done  
to get the item 
BA23 Conflict between ergonomics design criteria and 
flexibility. 
Ahmad et al. (2014) From literature review 
BA24 Minimum space requirement dimensions versus limited 
areas. 
Burns and Vicente (2000) Modified 
BA25 The large variety of furniture, equipment and room sizes. Price and Lu (2013) From literature review 
BA26 The existence of hospital buildings that need expanding. Price and Lu (2013) From literature review 
BA27 The existence of many hospitals design guidance and their 
differences from each other in design criteria. 
Price and Lu (2013) From literature review 
BA28 The need of some guidance for developing. Price and Lu (2013) From literature review 
BA29 Lack of using hospitals design guidance by designers 
because of their perception that they have sufficient 
experience to do better than the guidance. 
Hignett and Lu (2009);  Price and Lu (2013) Merged and modified 
BA30 The use of guidance may loss deign freedom and limit 
creativity. 
Hignett and Lu (2009) From literature review 
BA31 The changes in hospitals design during tendering and 
construction without return to designers. 
Hignett and Lu (2009) From literature review 
BA32 Incompatible ergonomics design factor with the present 
norms and practices of hospitals design. 
Driessen et al. (2010) From literature review 
BA33 Hard political and economic situation in Gaza Strip.  - Added by experts  




Table (3.22): List of items of ergonomics design factors for final healthcare providers questionnaire 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
 Spatial factors   
- Standardization Reiling (2005); Chaudhury  et al. (2009); Saucier et 
al. (2010); Price and Lu (2013); Ahmad et al. 
(2014) 
Deleted 
FH1 Spaces location and arrangement are suitable for 
functionality. 
Mahmood et al. (2011); Mourshed and Zhao 
(2012); Price and Lu (2013); Ahmad et al. (2014) 
Merged 
FH2 Space shape and layout is suitable to provide smooth 
working. 
Chaudhury  et al. (2009); Mahmood et al. (2011); 
Abu Samah et al. (2013); Price and Lu (2013); Liu 
et al. (2014) 
Merged 
FH3 Spaces dimensions and areas are sufficient. Morelli (2007); Chaudhury  et al. (2009); Saucier et 
al. (2010); Mahmood et al. (2011); Mahmood et al. 
(2012); Price and Lu (2013); Coluci and Alexandre 
(2014); Liu et al. (2014) 
Merged and modified 
FH4 The heights of spaces ceilings are suitable.  - Added by experts  
FH5 The dimensions and directions of doors and windows 
openings are suitable. 
Price and Lu (2013); Ahmad et al. (2014) Modified 
FH6 The areas of spaces for healthcare providers rest are 
sufficient. 
 




Table (3.22): Continued 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
FH7 The privacy is achieved in healthcare providers units. Mahmood et al. (2011) From literature review 
FH8 The existence electrical system is secure.   - Added by experts  
FH9 The existence fire-fighting system is effective.  - Added by experts  
FH10 The existence distribution of structural elements in 
spaces is suitable.  
 - Added by experts  
 Circulation factors     
FH11 Healthcare providers are walking short distances during 
their work. 
Morelli (2007); Chaudhury  et al. (2009) From literature review 
FH12 Hospital corridors have appropriate dimensions that 
facilitate movement and reduce congestion. 
Abu Samah et al. (2013); Liu et al. (2014) From literature review 
FH13 The areas and number of stairs and elevators are 
suitable for movement intensity. 
Abu Samah et al. (2013) Modified 
FH14 The existence entrances and exits of healthcare 
providers, especially in emergency situations can 
facilitate their work. 
Abu Samah et al. (2013) Modified 
FH15 The existence ramps slopes and number are suitable.  - Added by experts  
FH16 The existence wayfinding are familiar and facilitate 
movement. 
 




Table (3.22): Continued 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
 Interior design factors     
FH17 Ergonomics furniture is available. Chaudhury  et al. (2009); Mahmood et al. (2011); 
Mehta et al. (2011); Ghazali and Abbas (2012); 
Mourshed and Zhao (2012); Abu Samah et al. 
(2013); Price and Lu (2013); Coluci and Alexandre 
(2014)  
From literature review 
FH18 The furniture and devices arrangement are suitable for 
smooth working. 
Chaudhury  et al. (2009); Mahmood et al. (2011); 
Mehta et al. (2011); Ghazali and Abbas (2012); 
Mourshed and Zhao (2012); Abu Samah et al. 
(2013); Price and Lu (2013); Coluci and Alexandre 
(2014)  
Merged and modified 
FH19 The color of spaces is suitable for its function. Chaudhury  et al. (2009); Ghazali and Abbas 
(2012); Mourshed and Zhao (2012); Abu Samah et 
al. (2013) 
From literature review 
FH20 The finishing materials of spaces is suitable for their 
functions. 
Abu Samah et al. (2013) Merged 
FH21 Natural elements are available in the hospital spaces. Mourshed and Zhao (2012) From literature review 
FH22 Areas for art objects are available in the hospital 
spaces. 
Ghazali and Abbas (2012); Mourshed and Zhao 
(2012); Abu Samah et al. (2013) 
From literature review 




Table (3.22): Continued 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
 Infection control factors     
FH23 Critical areas are separate from general traffic and air 
movements. 
Rao (2004); Bartley et al. (2010) From literature review 
FH24 Isolation of infection cases wards are existence in the 
hospital. 
Rao (2004); Bartley et al. (2010) From literature review 
FH25 Outpatients, inpatients wards and diagnostic services 
areas are separate according Functionality. 
Rao (2004); Bartley et al. (2010) From literature review 
FH26 Wash hand within patient care areas and nurse stations 
are sufficient. 
Rao (2004); Bartley et al. (2010) From literature review 
FH27 The work of cleanliness and maintenance is easy in the 
hospital. 
Rao (2004); Bartley et al. (2010) From literature review 
 Exterior design factors     
FH28 Healthcare providers can transfer from one healthcare 
building to anther during external movement paths that 
around the building. 
 - Added by experts  
FH29 There is an external open space for healthcare 
providers. 
Ghazali and Abbas (2012); Mourshed and Zhao 
(2012); Bengtsson and Grahn (2014) 
From literature review 
FH30 The existence parking for ambulances and healthcare 
providers cars are sufficient from its numbers and 
areas. 
Ghazali and Abbas (2012); Mourshed and Zhao 
(2012); Bengtsson and Grahn (2014) 




Table (3.22): Continued 
No. Ergonomics design factors Source 
The way that was done  
to get the item 
  Environmental ergonomics design factors     
FH31 The light within healthcare building spaces is suitable 
for its functions. 
Chaudhury  et al. (2009); Mahmood et al. (2011); 
Ghazali and Abbas (2012); Mahmood et al. (2012); 
Mourshed and Zhao (2012); Abu Samah et al. 
(2013); Coluci and Alexandre (2014) 
From literature review 
FH32 The hearing sounds in the hospital are not consider 
noisy. 
Joseph (2006); Morelli (2007); Chaudhury  et al. 
(2009); Mahmood et al. (2011); Tziaferi et al. 
(2011); Ghazali and Abbas (2012); Mahmood et al. 
(2012); Mourshed and Zhao (2012); Abu Samah et 
al. (2013); Coluci and Alexandre (2014); Liu et al. 
(2014); Mackrill et al. (2014)  
From literature review 
FH33 Air movement and quality within healthcare building 
spaces is suitable. 
Mourshed and Zhao (2012); Abu Samah et al. 
(2013) 
From literature review 
FH34 The temperature within healthcare building spaces is 
suitable for healthcare providers. 
Mahmood et al. (2011); Mourshed and Zhao 
(2012); Abu Samah et al. (2013); Coluci and 
Alexandre (2014) 
From literature review 
FH35 The humidity within healthcare building spaces is 
suitable for its functions. 
 - Added by experts  
FH36 Healthcare providers are not exposed to vibrations as a 
result from the internal and external environment.  
 Parsons (2000) From literature review 
 




3.8. Distribution and return of questionnaires 
After performing face validity for the two research questionnaires and piloting 
healthcare providers questionnaire, all questionnaires were modified, adopted and 
formed in their final version. Two types of approval were necessary to by obtained 
before questionnaires distribution included: 
 MOH in Gaza Strip approval in order to distribute the two questionnaires to 
healthcare providers, and their hospitals planners and designers who are 
working under its supervision.  
 Administrator approval from consultant and engineering offices to distribute 
hospitals planners and designers questionnaire to their engineers who 
contribute on hospitals planning and design.  
Questionnaires were distributed by two ways: 
 Meeting respondents face to face, that gave the researcher the opportunity to 
explain the purpose of the research, and give more explanation about 
ergonomics especially that most of the respondents were wondered about 
ergonomics meaning. 
 Email, which used to deliver hospitals' planners and designers questionnaire to 
respondents live in Gaza Strip but out of Gaza city. The researcher called such 
respondents for asking them to fill questionnaire that would be untouched by 
email, and gave explanation about the subject. 
Ways of each research questionnaires distribution, number of questionnaire 
distributed, number of respondents, and response rate for each questionnaire are 
presented in table 3.23. In the two ways, the researcher and the respondents agreed to 
return time or date. Some of the respondents fill questionnaire in the same recipient day, 





Table (3.23): Number of questionnaire distributed, number of respondents, and 
response rate for each questionnaire 












































Hospitals planners and designers 
questionnaire 
Face to face, and by 
email 
36 32 88.89% 
Healthcare providers questionnaire Face to face 415 392 94.5% 
 
3.9. Measurements 
Analysis of the data was undertaken using SPSS (Statistical  Package for the social 
Science) Version 20. The following quantitative measures were used  for the data 
analysis: 
 Frequencies and percentile. 
 Pearson and Spearman Rank correlation for Validity 
 Cronbach's Alpha  for Reliability Statistics 
 Normal distribution 
 Measures of central tendency (the mean) 
 Measurement of dispersion based on the mean (standard deviation) 
 Relative importance index 
 T-test (two tailed) 
 Factor analysis 
To present the results, the following tools have been used: tabulation, bar chart, pie 




3.9.1. Frequency and descriptive analysis 
For analyzing nominal data, the relative frequency and percentage was used. 
Furthermore, the collected numerical data were simply summarized and described by 
descriptive statistics using the mean and standard deviation. The mean can be defined as 
the measure of center found by adding the values and dividing the total by the number of 
values. While standard deviation is a measure of variation of values about the mean 
(Triola, 2004). Standard deviation also was used to rank data when the relative 
importance indexes (RII) for more one factor were equal. Many researchers are of the 
opinion that mean and standard deviation of each individual item is not a suitable 
measure to assess overall rankings as they do not reflect any relationship between them 
(Doloi et al, 2012). 
3.9.2. Relative Importance Index (RII) 
The relative importance index method (RII) has been used to highlight the relative 
importance of attributes as perceived by the respondents (Doloi et al, 2012). In this 
research RII will be used to rank the ergonomics design factors according to their 
importance and application, benefits, and barriers to ergonomics application in hospitals' 
planning and design projects. As well as determine the ranks of ergonomics design 
factors application in the existence hospitals and their benefits from healthcare providers 
perspective (doctors and nurses). RII was calculated with following expression (Shekar 










     (3.3)  
Where:  
W = the weighting given to each factor by the respondent, ranges from 1 to 5. 
A = the highest weight (i.e. 5 in this case). 




The RII ranges from 0 to 1, higher the value of RII means more important, 
application, beneficial, strength, and agreement. However, RII does not reflect the 
relationship between various items. 
3.9.3. Factor analysis    
Factor analysis is a statistical technique that can be used to analyze and explore the 
interrelationship among a large number of items and summarize them into smaller 
groups according to their inherent relationship under a suitable explanation for each 
group (Al-Tmeemy et al., 2011; Ali and Kidd, 2014). There are two main factor analysis 
techniques, included (Yong and Pearce, 2013): 
 Exploratory factor analysis (EFA), tries to uncover the interrelationship 
between items and group related items without assumptions. 
 Confirmatory factor analysis (CFA), attempts to confirm hypotheses about the 
relationship between items.  
Before the conduction of factor analysis, some mandatory checks should be carried 
out order to evaluate the adequacy of the survey data for factor analysis, which are: 
 Sample size, the reliability of factor analysis is dependent on sample size. The 
common rule is to suggest that a researcher has at least 10–15 participants per 
items, which means having 10 times as many participants as items (Field, 
2009). 
 The distribution of data, the items should have roughly normal distributions 
and are measured at an interval level (Field, 2009).  
 Correlation between items, the strength of the relationships and linear 
relationships are evaluated by reviewing the correlation matrix produced from 
the data. Generally, correlations exceeding 0.30 provide enough evidence to 
indicate that there is enough commonality to justify comprising items 
(Beavers et al., 2013). 
 The  Kaiser-Meyer-Olkin (KMO) test of sphericity, which represents the ratio 




between items. Its values are ranged from 0 to 1.00. A value close to 1.00 
indicates that correlation is relatively compact, and factor analysis will give 
reliable results (Doloi et al, 2012). Kaiser (1974) recommended that the 
acceptable values are greater than 0.5 (cited in Doloi et al, 2012: 483). 
 Bartlett's test of sphericity, which used to explore if items are uncorrelated is 
significant (Ali and Kidd, 2014). It tests the null hypothesis that the original 
correlation matrix is an identity matrix, which would indicate that the factor 
model is inappropriate. A significant test indicates that the correlation matrix 
is not an identity matrix; therefore, there are some relationships between the 
items that may be included in the analysis (Ibrahim et al., 2012).  
In this research, factor analysis was used in the healthcare providers questionnaire, 
where the sample size was 392 respondents. The aim from conducting such analysis is to 
investigate the interrelationship between ergonomics design factors, and categorized 
them under a distinction group. In contrast, factor analysis was not used in hospitals' 
planners and designers questionnaire, because of its small sample size of 32 respondents. 
3.10. Summary 
This chapter described the detailed adopted methodology of research. It included 
the primary design for the research, details of research location, target population and 
sampling of the questionnaires, questionnaires design and development, and pilot study. 
They all have been illustrated through this chapter. Quantitative data analysis 
techniques, which include frequency and descriptive analysis, relative importance index, 























Results and discussion 
This chapter included analysis and discussion of the results have been collected 
from field surveys. Two questionnaires were designed in order to collect the data from 
two different samples and achieve research objectives, the questionnaires were: (i) 
hospitals' planners and designers questionnaire, targeted architectural planners and 
designers who participated in hospitals planning and design projects in Gaza Strip; (ii) 
healthcare providers questionnaire, targeted doctors and nurses from healthcare 
providers who worked in Gaza city hospitals. 
4.1. Hospitals planners and designers questionnaire 
The objectives from this questionnaire were: (i) to assess the awareness level of 
hospitals planners and designers about ergonomics design factors in hospitals' planning 
and design projects in Gaza Strip, according to their importance and application; (ii) to 
identify the benefits of ergonomics application in hospitals' planning and design projects 
in Gaza Strip; (iii) to investigate the barriers those face ergonomics application in 
hospitals' planning and design projects in Gaza Strip. 36 questionnaire copies were 
distributed to architectural planners and designers who participated in hospitals planning 
and design projects in Gaza Strip, a total of 32 completed copies had been returned 
representing a valid response rate of 88.89%. Data were analyzed quantitatively using 
SPSS version 20. In this section, the results are presented, discussed, and compared to 
previous related studies. 
4.1.1. General information 
This part includes the results of the respondents characteristics according six 
questions that asked about the educational level, years of experience, number of 
hospitals' planning and design projects that the respondent participated in, the 
respondent position during his/her participation, the average budget of one healthcare 
project, and the organization type where the respondent participated in hospitals 








































- Educational level  
 
 
Bachelor 21 65.63 




- Years of experience  
 
Less than 5 years 10 31.25 
5- less than 10 years 8 25.00 
10- less than 15 years 6 18.75 
15 years and more 
 
8 25.00 
- Number of hospitals' planning and 
design projects that you 
participated  
 
1- 3 projects 17 53.13 
4- 6 projects 9 28.13 
7- 9 projects 3 09.37 
10 projects and more 
 
3 09.37 
- Position during your participation 
 
Organization manager 4 12.50 
Project manager 4 12.50 




- Average budget of one hospitals' 
planning and design project that 
you participated  
Less than 500 thousands 
dollar 
3 09.37 
500- less than 1 million 
dollar 
4 12.50 
1 million dollar- less 
than 2 million dollar 
9 28.13 











































- Type of organization where the 
respondent participated  
 








The results show that the educational level of most respondents (65.63%) is 
bachelor, and (31.25%) have experience less than 5 years. (53.13%) from the 
respondents participated in 1- 3 hospitals' planning and design projects. This result is 
probably related to the lack number of hospitals planning and design projects in Gaza 
Strip in comparison with other types of engineering projects. Most of the respondents 
(62.50%) were office engineers during their participation in hospitals' planning and 
design projects. 
The most average budget of one hospital planning and design project that the 
respondent participated is 2 million dollar and more with percentage of (50.00%). This 
finding may attributed to the complexity of healthcare projects, the amount of resources, 
and the materials, furniture, and expensive medical devices required to be completed and 
operated. With percentage (62.50%), most of the respondents where worked in 
consultant office during their participation in such projects. This result may because 
most of hospitals were designed by consultant office and MOH played the supervisor 




4.1.2. Awareness level of hospitals planners and designers about ergonomics 
design factors in hospitals planning and design projects in Gaza Strip, according to 
their importance and application 
The awareness level of hospitals planners and designers about ergonomics design 
factors was assessed in this part according to their importance and application. The 
surveyed respondents were asked about the degree of importance and application of 43 
ergonomics design factors in hospitals planning and design. The overall ergonomics 
design factors were classified under 3 groups as follow: 6 factors under the “general 
ergonomics design factors group”; 31 factors under the “physical ergonomics design 
factors group”; and 6 factors under the “environmental ergonomics design factors 
group”. The numerical scores obtained from the questionnaire responses provided an 
indication of the awareness level. The relative importance indices (RII), ranks within the 
corresponding group, and overall ranks of the factors studied are presented, discussed 
and compared to previous related findings. In addition, the group average relative 
importance indices (RII) are quantified, and a comparison between their importance and 
application is carried out. 
4.1.2.1. Awareness level of hospitals planners and designers about general 
ergonomics design factors (group 1) 
The awareness level of hospitals planners and designers about general ergonomics 
design factors group was assessed according to their importance and application. 
General ergonomics design factors group consists of 6 factors. The descriptive statistics 
related to these factors i.e. mean, standard deviation (SD), relative importance index 
(RII), t-value (two-tailed), P-value, and the rank regarding to respondents opinion about 
their importance and application, are shown in table 4.2. 
Importance of general ergonomics design factors (group 1) 
The importance of general ergonomics design factors were categorized with 


















Figure (4.1): RII of the importance of general ergonomics design factors (F1 to F6) 
With an RII of 90.63%, the survey hospitals planners and designers ranked 
“complete understanding of working system within the hospital building” (F1) as the 
most important factor in the general ergonomics design factors group, and 12th in its 
importance among overall surveyed factors. This result agrees with previous findings of 
Carayon et al. (2014), and Edwards and Jensen (2014) who highlighted the importance 
of this ergonomics design factor in the United States, and Denmark, respectively. This 
finding is attributed to the complexity and sensitivity of healthcare functions, because of 
its nature that associated with patients health and life. So that, healthcare working 
system needs to be precisely understanding by planners and designers in order to design 




Table (4.2): Awareness level of hospitals planners and designers about general ergonomics design factors (group 1) 
No. General ergonomics design factor 























































F1 Complete understanding of working system 
within hospital building. 
4.53 0.51 90.63 5.09 0.000* 1 4.19 0.78 83.75 4.51 0.000* 2 
F2 Clear definition for building users and their 
requirements. 
4.44 0.67 88.75 4.86 0.000* 2 4.22 0.94 84.38 4.40 0.000* 1 
F3 Participation of healthcare providers and patients 
in planning and design. 
3.69 0.97 73.75 3.30 0.000* 5 3.41 1.19 68.13 1.86 0.031* 5 
F4 Written ergonomics program of the application 
mechanism. 
3.41 0.91 68.13 2.29 0.011* 6 2.56 0.88 51.25 2.56 0.005* 6 
F5 The use of healthcare buildings design and 
ergonomics guidance. 
4.38 0.71 87.50 4.77 0.000* 3 3.94 0.76 78.75 4.26 0.000* 3 
F6 Consulting experts of health and safety during 
planning and design phase. 
4.28 0.68 85.63 4.77 0.000* 4 3.66 1.00 73.13 3.14 0.001* 4 
 All general ergonomics design factors 4.12 0.46 82.40 4.95 0.000*  3.66 0.64 73.23 4.08 0.000*  







“Clear identification for building users and their requirements” (F2), with an RII 
of 88.75%, ranks 2nd in this group, and 17th among all factors studied, further, 
corroborating the outcomes of Carayon et al. (2014), and Edwards and Jensen (2014), 
whose investigations showed the importance of this factor in the United States, and 
Denmark, respectively. Users identification helps planners and designers to define their 
actual requirements especially those related to healthcare providers physical and 
physiological capabilities that associated with physical and environmental ergonomics 
design factors, as well as the problems faced by healthcare providers during their work 
as a result for spaces design. 
Confirming the importance of “the use of healthcare buildings design and 
ergonomics guidance” (F5) in hospitals planning and design, this factor, with an RII of 
87.5%, ranks 3rd in this group, and 22nd among all factors investigated. The importance 
from using guidance in planning and design hospitals buildings may be arisen from 
standards that contained. Standardization is an important ergonomics strategy (Reiling, 
2005; and Price and Lu, 2013). According to Ahmad et al. (2014), hospital space 
standardization can reduce healthcare providers efforts, fatigue and errors through 
familiar and control spaces. 
“Participation of healthcare providers and patients in planning and design” (F3), 
with an RII of 73.75%, ranks 5th in this group, and 39th overall. This result may due to 
the perception of hospitals planners and designers that the data obtained from healthcare 
provider has low importance and will not rich their design. This finding agrees with 
Hignett and Lu (2009), Rechel et al. (2009), and Ghazali and Abbas (2012) whose 
research studies recommended healthcare providers participation in the planning and 
design phase, as a result from the need for more data about healthcare providers because 
of the variability in using guidance, avoid negative impact of the design on healthcare 
providers, and the un-satisfaction of healthcare providers with design factors, 
respectively.  
Ranks 6th in this group, and 41st overall, with an RII of 68.13%, are assigned to 




questionnaire distribution, the researcher found that healthcare planners and designers in 
Gaza Strip have not aware about ergonomics term and its science, but they have a 
knowledge with its factors that applied during the design, but not under ergonomics 
term. Consequently, they may have not sense about the importance of such ergonomics 
program. 
Regarding results for the importance of all factors under general ergonomics 
design factors group, they show that the mean for all those factors equals 4.12, and the 
total RII equals 82.40%, which is greater than the neutral value of RII  60%. The value 
of t-test equals 4.95 that is greater than the critical value of t that equals 2.040. As well 
as, the total p-value of the all factors equals 0.000* and it is less than the significance 
level 0.05. Based on the results, the importance of general ergonomics design factors 
group in hospitals planning and design is extremely high from the perception of 
hospitals planners and designers. Furthermore, the awareness level of hospitals planners 
and designers about general ergonomics design factors is extremely high. 
Application of general ergonomics design factors (group 1) 
The application of general ergonomics design factors were categorized with 
ratings from 84.38% to 51.25% (Figure 4.2). The “clear definition for building users and 
their requirements” (F2), and the “complete understanding of working system within the 
healthcare building” (F1), with closed RII of 84.38%, and 83.75% are the most general 
ergonomics design factors application in hospitals planning and design, and rank 15th, 
and 14th overall. This outcome agrees with previous findings of Carayon et al. (2014), 
and Edwards and Jensen (2014) whose research studies referred to these two factors in 
the United States, and Denmark, respectively. This findings are most probably to the 
unstable situations in Gaza Strip. The repetitive wars create emergency situations. 
Identifying the users of building, and understanding working system, its requirements 



















Figure (4.2): RII of the application of general ergonomics design factors (F1 to F6) 
 “The use of healthcare buildings design and ergonomics guidance” (F5) with RII 
of 78.75% is ranked 3rd in this group, and 25th overall. Which indicates that planner and 
designers often use the guidance in designing healthcare buildings in Gaza Strip. While 
the use of guidance by hospitals planners and designers in the United Kingdom was 
variable from exactly use and apply its standards to ignorance (Hignett and Lu, 2009). 
 “Participation of healthcare providers and patients in planning and design” (F3), 
with an RII of 68.13%, ranks 5th in this group, and 37th overall. But regarding to t-value 
equals 1.86 that is lower than the critical value of t 2.040, the factor means are 
statistically insignificant differences. The study findings indicated that “participation of 
healthcare providers and patients in planning and design” (F3) is sometimes applied. 
This may due to the tight time of planning and design phase, and the external design for 
some hospitals, which reduce healthcare providers participation. 
Regarding results for the application of “written ergonomics program of the 
application mechanism” (F4), with mean of 2.56, and RII of 51.25%, which is lower 
than the neutral value of RII 60%. The value of t-test equals 2.56 that is greater than the 




0.005* and it is less than the significance level 0.05. Based on the results, “written 
ergonomics program of the application mechanism” (F4) is rarely applied and need to be 
improved. This result may because of the low perception of hospitals planners and 
designers about the importance of ergonomics program and their lack awareness about 
ergonomics science. 
Regarding results for the application of all factors under general ergonomics 
design factors group, they show that the mean for all those factors equals 3.66, and the 
total RII equals 73.23%, which is greater than the neutral value of RII  60%. The value 
of t-test equals 4.08 that is greater than the critical value of t that equals 2.040. As well 
as, the total p-value of the all factors equals 0.000* and it is less than the significance 
level 0.05. Based on the results, general ergonomics design factors are often applied in 
hospitals planning and design despite its extremely high importance.  
Comparison between importance and application of general ergonomics design 
factors (group 1) 
The rank of the importance and the application of each general ergonomics design 
factor is the same except the first and second positions that are exchange with a slight 
differences between their application RII. The importance of each general ergonomics 
design factors is higher than the application. Also, the importance of general ergonomics 
group with RII of 82.40% is higher than the application with RII of 73.23%. The results 
indicate that the awareness level of hospitals planners and designers about the 
importance of general ergonomics design factors is extremely high, but this awareness 
may affected by some barriers in the application. These results may related to the time 
requirements of factors under this group. For example, complete understanding of work 
system required from healthcare planners and designers more effort to search, read, 
interview healthcare providers to collect data about the healthcare work system. In some 
projects, healthcare planners and designers may not have sufficient time for 




4.1.2.2. Awareness level of hospitals planners and designers about physical 
ergonomics design factors (group 2) 
The awareness level of hospitals planners and designers about physical 
ergonomics design factors group was assessed according to their importance and 
application. Physical ergonomics design factors group consists of 31 factors. The overall 
factors are divided under 5 sub-groups, which were: 10 factors under the “spatial factors 
sub-group”; 6 factors under the “circulation factors sub-group”; 6 factors under the 
“interior design factors sub-group”; 6 factors under the “infection transmission control 
factors sub-group”; and 3 factors under the “exterior design factors sub-group”. 
- Awareness level about spatial factors (sub-group 1)  
Spatial factors sub-group consists of 10 physical ergonomics design factors. The 
descriptive statistics related to these factors i.e. mean, SD, RII, t-value (two-tailed), P-
value, and the rank regarding to respondents opinion about their importance and 
application, are shown in table 4.3. 
Importance of spatial factors (sub-group 1) 
The importance of spatial factors were categorized with ratings from 94.38% to 


























Table (4.3): Awareness level of hospitals planners and designers about spatial factors (sub-group 1) 
No. Spatial factor 























































F7 The appropriate selection of space location, 
arrangement and orientation for functionality.  
4.34 0.75 86.88 4.70 0.000* 7 4.06 0.76 81.25 4.43 0.000* 7 
F8 The appropriate selection of space shape that 
provide smooth working. 
4.50 0.76 90.00 4.87 0.000* 4 4.22 0.83 84.38 4.51 0.000* 5 
F9 Sufficient spaces dimensions and areas. 4.41 0.61 88.13 4.93 0.000* 6 4.28 0.77 85.63 4.60 0.000* 2 
F10 The appropriate height of spaces ceilings. 4.44 0.80 88.75 4.73 0.000* 5 4.22 0.79 84.38 4.58 0.000* 4 
F11 The appropriate dimensions of doors and 
windows openings. 
4.63 0.61 92.50 5.04 0.000* 2 4.47 0.76 89.38 4.79 0.000* 1 
F12 Provide spaces for healthcare providers rest. 4.19 0.69 83.75 4.70 0.000* 9 4.00 0.88 80.00 4.17 0.000* 9 
F13 Achieve privacy in healthcare providers units. 4.06 0.88 81.25 4.15 0.000* 10 3.84 0.81 76.88 4.06 0.000* 10 
F14 Consider the design requirements for mechanical 
and electrical systems. 
4.56 0.76 91.25 4.94 0.000* 3 4.13 1.07 82.50 3.96 0.000* 6 
F15 Consider the design requirements for fire-
fighting systems. 
4.72 0.46 94.38 5.19 0.000* 1 4.28 0.77 85.63 4.60 0.000* 2 
F16 Consider the distribution of structural elements in 
spaces. 
4.28 0.77 85.63 4.67 0.000* 8 4.03 0.74 80.63 4.44 0.000* 8 
 All spatial factors 4.45 0.37 89.04 4.94 0.000*  4.19 0.61 83.85 4.63 0.000*  




 “Consider the design requirements for fire-fighting systems” (F15), with an RII of 
94.38%, ranks 1st in this sub-group, 4th among all physical ergonomics design factors 
and overall. This result may because fire-fighting system is not only related to healthcare 
providers safety, but also patients safety who have the first priority in healthcare facility 
planning and design. 
Confirming the importance of “the appropriate positions, dimensions, and 
directions of doors and windows openings” (F11), this factor, with an RII of 92.5%, 
ranks 2nd in its importance within spatial factors sub-group, 8th among all physical 
ergonomics design factors and overall. This factor was referred by Price and Lu (2013) 
through their research about hospital space standardization. This result is attributed to 
their relation with providing natural lighting, and air control. In addition, some 
healthcare spaces need to special design requirements related to such factor. For 
example, operation threaten should not contain windows in order to control air, 
temperature, humidity, and light inside the space, as well as the special position, 
dimensions and direction of door opening to facilitate the movement of healthcare 
providers, and patient beds. 
“Consider the design requirements for mechanical and electrical systems” (F14), 
with an RII of 91.25%, is ranked 3rd in this sub-group, 11th among all physical 
ergonomics design factors, and overall. Its importance may generated from the 
complexity of hospitals mechanical and electrical system. Hospitals spaces required a 
specific range from temperature, humidity, and air movements which need mechanical 
system to control and provide healthy requirements. In addition, electrical system is 
important to operate the healthcare devices and mechanical system, and provide lighting.     
“Achieve privacy in healthcare providers units” (F13) with RII of 81.25% is the 
least important spatial factor, and ranked 10th in this group, 28th among all physical 
ergonomics design factors, and 36th overall. This outcome may because of the hospitals 
planners and designers concentration on patients rather than healthcare providers, and 
their think that patients privacy is more important than healthcare providers privacy. 




reduce the visual connection between healthcare providers and patients. This result is in 
disagreement with Mahmood et al. (2011), whose research study ranked the importance 
of this factor in the 3rd position among overall physical environmental factors in the 
United States hospitals.  
Regarding results for the importance of all spatial factors sub-group, they show 
that the mean for all those factors equals 4.45, and the total RII equals 89.04%, which is 
greater than the neutral value of RII 60%. The value of t-test equals 4.94 that is greater 
than the critical value of t that equals 2.040. As well as, the total p-value of the all 
factors equals 0.000* and it is less than the significance level 0.05. Based on the results, 
the importance of spatial factors in hospitals planning and design is extremely high from 
the perception of hospitals planners and designers. Furthermore, the awareness level of 
hospitals planners and designers about spatial factors is extremely high. 
Application of spatial factors (sub-group1) 
The application of spatial factors were categorized with ratings from 90% to 


























“The appropriate dimensions of doors and windows openings” (F11), with an RII 
of 89.38%, ranks 1st in this sub-group, among all physical ergonomics design factors and 
overall. This finding is attributed to their relation with providing natural lighting, and air 
control. In addition, some healthcare spaces need to special design requirements related 
to such factor. 
“Consider the design requirements for fire-fighting systems” (F15), and “sufficient 
spaces dimensions and areas” (F9) with the same RII of 85.63%, and the same standard 
deviation 0.77 are ranked 2nd most application factors in this sub-group, and 7th among 
all physical ergonomics design factors and overall. Fire-fighting system can be applied 
be taken in to consideration allocating corridors, stairs, and exits for escaping, their 
dimensions, and distances between their locations and any spaces in the healthcare 
facility building. In addition, the methods of fire extinguishing needs to be also 
considered, because some of these methods required ducts or extensions inside spaces. 
The existence of such system make healthcare providers feeling safe and secure. The 
results related to sufficient spaces dimensions and areas is in agreement with Morelli 
(2007), and Chaudhury et al. (2009) in the United States, Mahmood et al. (2011) in 
Canada, and Liu et al. (2014) in Australia, whose research studies emphasized the 
importance of this factor application in planning and design healthcare facility buildings. 
While “achieve privacy in healthcare providers units” (F13) with RII of 76.88% is the 
least application spatial factor, and 24th among physical ergonomics design factors, and 
28th overall. 
Regarding results for the application of all factors under spatial factors sub-group, 
they show that the mean for all those factors equals 4.19, and the total RII equals 
83.85%, which is greater than the neutral value of RII 60%. The value of t-test equals 
4.63 that is greater than the critical value of t that equals 2.040. As well as, the total p-
value of the all factors equals 0.000* and it is less than the significance level 0.05. Based 






Comparison between importance and application of spatial factors (sub-group 1) 
According to the results in table 4.3, factors related to space dimensions, height, 
orientation, and arrangements, doors and windows occupied more advanced positions. 
This findings may because of healthcare planners and designers concentrated on 
functions and spaces more than other aspects. The importance of each factor from this 
sub-group is higher than the application. Also, the importance of the all sub-group 
factors with RII of 89.04% is higher than the application with RII of 83.85%.  
- Awareness level about circulation factors (sub-group 2)  
There are 6 factors are classified under circulation factors sub-group. The 
descriptive statistics related to these factors i.e. mean, SD, RII, t-value, P-value, and the 
rank regarding to respondents opinion about their importance and application, are shown 
in table 4.4. 
Importance of circulation factors (sub-group2) 
The importance of circulation factors were categorized with ratings from 94.38% 



















Table (4.4): Awareness level of hospitals planners and designers about circulation factors (sub-group 2) 
No. Circulation factor 























































F18 Design corridors with appropriate dimensions so 
as not to hinder the movement and lead to 
congestion. 
4.72 0.46 94.38 5.19 0.000* 1 4.44 0.76 88.75 4.76 0.000* 1 
F19 Provide adequate number of stairs and elevators 
according to the movement intensity and nature. 
4.66 0.55 93.13 5.10 0.000* 2 4.31 0.69 86.25 4.77 0.000* 2 
F22 The use of familiar wayfindings to determine 
spaces location.   
4.31 0.74 86.25 4.75 0.000* 5 3.97 0.78 79.38 4.24 0.000* 5 
F17 Reduce the distances traveled by healthcare 
providers during work. 
4.13 0.83 82.50 4.40 0.000* 6 3.81 0.69 76.25 4.25 0.000* 6 
F21 Provide ramps with appropriate dimensions and 
slopes  
4.50 0.57 90.00 5.02 0.000* 4 4.22 0.87 84.38 4.45 0.000* 3 
F20 Study the entrances and exits of healthcare 
providers, especially in emergency situations to 
facilitate their work. 
4.63 0.49 92.50 5.12 0.000* 3 4.13 0.98 82.50 4.20 0.000* 4 
 All circulation factors sub-group 4.49 0.43 89.79 4.95 0.000*   4.15 0.60 82.92 4.87 0.000*   





Sustaining the results obtained by Abu Samah et al. (2013), and Liu et al. (2014), 
whose research studies highlighted the importance “design corridors with appropriate 
dimensions” (F18) in the performance improvement of healthcare providers in Malaysia, 
and Australia, with an RII of 94.38%, this factor ranks 1st within the importance of 
circulation factors sub-group, 4th among all physical ergonomics design factors, and 
overall. Corridors with appropriate dimensions can enhance the comfortably horizontally 
transmission. Performing handling tasks by healthcare providers such as pushing patient 
beds or wheelchair required physical effort to be exerting when transfer from space to 
other. If corridor is closed, the exertion effort will be increased especially when more 
than one bed or wheelchair passing from this corridor, which also consume more time. 
With an RII of 93.13%, “provide adequate number of stairs and elevators 
according to the movement intensity and nature” (F19) ranks 2nd in this sub-group, 6th 
among all physical ergonomics factors, and overall. This finding agrees with Abu Samah 
et al. (2013). Moreover, “study the entrances and exits of healthcare providers, 
especially in emergency situations to facilitate their work” (F20), with an RII of 92.5%, 
is ranked 3rd in this sub-group, 7th among all physical ergonomics design factors, and 
overall.  
Healthcare facilities buildings need to be provided by stairs and elevators with 
sufficient numbers and dimensions, that are special for healthcare providers movements. 
If the existence stairs and elevators are for mixing use by patients, visitors and 
healthcare providers with limited numbers and areas, stress may be generated on 
healthcare providers. This stress resulting from the need for access to the objective space 
as quickly as possible such as operating theaters, especially in emergency situations in 
Gaza Strip. Consequently, they may exert physical effort for accessibility not only for 
them but also when they transform critical patients. Entrances and exits need to be 
considered by healthcare providers for these reasons. Crowds can be a result from 
inappropriate corridors, stairs, elevators, entrances and exits dimensions and numbers. 
“Provide ramps with appropriate dimensions and slopes” (F21) with an RII of 




and 14th overall. When ramp slop increases, the movement will become difficult and 
required more physical efforts. Reduce the distances traveled by healthcare provider 
during work required deeply studying for clinical functions that occur within spaces by 
planners and designers. This factor can reduce healthcare providers fatigue and increase 
their satisfaction and comfort.  
“Reduce the distances traveled by healthcare providers during work” (F17) with 
an RII of 82.5%, ranks 6th in this sub-group, 26th among all physical ergonomics design 
factors, and 33rd overall. This result disagree with Morelli (2007), and Chaudhury et al. 
(2009) in the United States, and Rechel et al. (2009) in the United Kingdom, whose 
research studies mentioned this factor as an important factor needs to be considered in 
order to reduce healthcare providers fatigue. This result may related to the familiarity of 
circulation factors. This sub-group contains factors that are essential and familiar for 
planners and designers to be considered in all types of building design. While reduce the 
distances traveled by healthcare providers may have lack of familiarity. In addition, 
healthcare planners and designers have low awareness about ergonomics science.   
Regarding results for the importance of all circulation factors sub-group, they 
show that the mean for all those factors equals 4.49, and the total RII equals 89.79%, 
which is greater than the neutral value of RII 60%. The value of t-test equals 4.95 that is 
greater than the critical value of t that equals 2.040. As well as, the total p-value of the 
all factors equals 0.000* and it is less than the significance level 0.05. Based on the 
results, the importance of circulation factors in hospitals planning and design is 
extremely high from the perception of hospitals planners and designers. Furthermore, the 
awareness level of hospitals planners and designers about circulation factors is 
extremely high. 
Application of circulation factors (sub-group 2) 
The application of circulation factors were categorized with ratings from 88.75% 

















Figure (4.6): RII of the application of circulation factors sub-group (F17 to F22) 
 “Design corridors with appropriate dimensions” (F18), “provide adequate number 
of stairs and elevators according to the movement intensity and nature” (F19), “provide 
ramps with appropriate dimensions and slopes” (F21), and “study the entrances and 
exits of healthcare providers, especially in emergency situations to facilitate their work” 
(F20) with RII of 88.75%, 86.25%, 84.38%, and 82.50% are ranked 1st, 2nd, 3rd, and 4th 
in this sub-group, 2nd, 6th, 12th, and 13th among all physical ergonomics design factors, 
and 2nd, 6th, 12th, and 15th overall, respectively. This outcomes may related to their 
essential role in the design process as spatial factors. In general, any building cannot be 
designed without considering circulation factors. 
With an RII of 76.25%, “reduce the distances traveled by healthcare providers 
during work” (F17) is ranked 6th in this sub-group, 26th among all physical ergonomics 
design factors, and 30th overall. This outcome is probably related to the lack of 
healthcare planners and designers knowledge about how to applied this factor, the 
difficulty of un-deeply analysis required of healthcare functions and the relationship 
between spaces, and the degree of its importance in comparison with other factors under 




Regarding results for the application of all factors under circulation factors sub-
group, they show that the mean for all those factors equals 4.15, and the total RII equals 
82.92%, which is greater than the neutral value of RII 60%. The value of t-test equals 
4.87 that is greater than the critical value of t that equals 2.040. As well as, the total p-
value of the all factors equals 0.000* and it is less than the significance level 0.05. Based 
on the results, spatial factors sub-group is always applied. 
Comparison between importance and application of circulation factors (sub-group 2) 
The rank of the importance and application of each circulation factor are the same 
except the third and fourth positions that are exchange with a slight differences between 
their RII. The importance of each factor from this sub-group is higher than the 
application. Also, the importance of the all sub-group factors with RII of 89.79% is 
higher than the application with RII of 82.92%. This difference may come from the 
special characteristics of each healthcare project, such as the available area, if it is 
limited, planners and designers try to decrease the number of stairs and elevator or their 
dimensions, increase ramps slop, and ignoring the entrances and exits. But these 
differences between the importance and application of circulation factors sub-group is 
not high. This result may related to planners and designers ability to find solutions for 
circulation factors, and the familiarity of such factors in all projects types. 
- Awareness level about interior design factors (sub-group 3)  
There are 6 factors are classified under interior design factors sub-group. The 
descriptive statistics related to these factors i.e. mean, SD, RII, t-value, P-value, and the 
rank regarding to respondents opinion about their importance and application, are shown 
in table 4.5. 
Importance of interior design factors (sub-group 3)  
The importance of interior design factors were categorized with ratings from 




Table (4.5): Awareness level of hospitals planners and designers about interior design factors (sub-group 3) 
No. Interior design factor 























































F23 Using the appropriate ergonomics furniture. 4.34 0.65 86.88 4.85 0.000* 3 3.88 1.07 77.50 3.49 0.000* 3 
F24 Standardized the arrangement of medical devices 
and furniture in spaces 
4.56 0.62 91.25 4.98 0.000* 1 4.00 1.02 80.00 3.96 0.000* 2 
F25 Using the appropriate colors. 4.09 0.78 81.88 4.49 0.000* 4 3.78 0.94 75.63 3.58 0.000* 4 
F26 Using the appropriate finishing materials. 4.41 0.71 88.13 4.79 0.000* 2 4.03 1.00 80.63 4.03 0.000* 1 
F27 The use of natural elements such as plants in 
spaces. 
3.38 1.16 67.50 1.63 0.051 5 2.94 1.22 58.75 0.23 0.410 5 
F28 Provide areas for art objects.  2.91 1.03 58.13 0.53 0.300 6 2.34 1.10 46.88 3.02 0.001* 6 
 All interior design factors 3.95 0.50 78.96 4.72 0.000*   3.49 0.74 69.90 3.17 0.001*   



















Figure (4.7): RII of the importance of interior design factors sub-group (F23 to F28) 
“Furniture and devices arrangement” (F24) with RII of 91.25% is ranked 1st in 
this sub-group, and 10th among both all physical ergonomics design factors group and 
overall ergonomics design factors surveyed. This result corroborates the findings of 
Ghazali and Abbas (2012), who referred to this factor in their study about the quality of 
physical environment in Malaysia. Good furniture and devices arrangements according 
to the functions and areas with ergonomics concept can facilitate the work healthcare 
providers and keep it smoothly. Especially when the arrangements follow a specific 
standard. According to Price and Lu (2013), furniture and devices arrangements 
standardization make healthcare providers familiar with spaces. They can found their 
working devices in the correct position and do not consume much time in searching. All 
of that can reduce the physical effort of healthcare providers, increase their 
concentration on medical works resulting in errors reduction. Arranging furniture and 
devices in the right method may required precisely understanding the clinical functions, 
work system, and the movement of healthcare providers through spaces during their 
works.  
The results show that the mean of “the use of natural elements such as plants in 




value of RII 60%. The value of t-test equals 1.63 that is less than the critical value of t 
that equals 2.040. As well as, the p-value of (F27) equals 0.051and it is higher than the 
significance level 0.05, so that the factor means are statistically insignificant differences. 
This result indicated that the importance of “the use of natural elements such as plants in 
spaces” (F27) is moderate. “Provide areas for art objects" (F28) mean equals 2.91, and 
RII equals 58.13%, which is less than the neutral value of RII 60%. The value of t-test 
equals 0.53 that is less than the critical value of t that equals 2.040. As well as, the p-
value of (F28) equals 0.300 and it is higher than the significance level 0.05, so that the 
factor means are statistically insignificant differences. This result indicated that the 
importance of “provide areas for art objects" (F28) is moderate. These results are 
probably related to the concentration of healthcare planners and designers on functions 
and try to find an innovation solutions related to their concentration through their design, 
rather than providing natural and art elements.   
Regarding results for the importance of all interior design factors sub-group, they 
show that the mean for all those factors equals 3.95, and the total RII equals 78.96%, 
which is greater than the neutral value of RII 60%. The value of t-test equals 4.72 that is 
greater than the critical value of t that equals 2.040. As well as, the total p-value of the 
all factors equals 0.000* and it is less than the significance level 0.05. Based on the 
results, the importance of interior design factors in hospitals planning and design is high 
from the perception of hospitals planners and designers. Furthermore, the awareness 
level of hospitals planners and designers about interior design factors is high. 
Application of interior design factors (sub-group 3)  
The application of interior design factors were categorized with ratings from 

















Figure (4.8): RII of the application of interior design factors sub-group (F23 to F28) 
“Using the appropriate finishing materials” (F26) , and “furniture and devices 
arrangement” (F24) with closed RII of 80.63%, and 80.00% are ranked 1st, 2nd in this 
sub-group, 18th, 20th among overall physical group, and 20th, 22nd overall, respectively. 
These results are reflected from the perception of healthcare planners and designers 
about the importance of these two factors. 
The results show that the mean of “the use of natural elements such as plants in 
spaces” (F27) equals 2.94, and RII equals 46.88%, which is less than the neutral value of 
RII 60%. The value of t-test equals 0.23 that is less than the critical value of t that equals 
2.040. As well as, the p-value of (F27) equals 0.410 and it is higher than the significance 
level 0.05, so that the factor means are statistically insignificant differences. This result 
indicated that “the use of natural elements such as plants in spaces” (F27) is sometimes 
applied. “Provide areas for art objects” (F28) with mean equals 2.34, and RII equals 
58.75%, which is less than the neutral value of RII 60%. The value of t-test equals 3.02 
that is higher than the critical value of t that equals 2.040. As well as, the p-value of 




are statistically significant differences. This result indicated that “Provide areas for art 
objects” (F28) is rarely applied. 
It is obviously be seen that planners and designers do not have the same 
concentration on factors influence healthcare providers physiological aspects, as their 
concentration on the other physical ergonomics design factors. Which reduce the 
application of such design factors. In Malaysia the situation in contrast, Ghazali and 
Abbas (2012) and Abu Samah et al. (2013) highlighted the positive trends among 
guidance and healthcare planners and designers for providing such elements. 
Regarding results for the application of all factors under interior design factors 
sub-group, they show that the mean for all those factors equals 3.49, and the total RII 
equals 69.90%, which is greater than the neutral value of RII 60%. The value of t-test 
equals 3.17 that is greater than the critical value of t that equals 2.040. As well as, the 
total p-value of the all factors equals 0.001* and it is less than the significance level 
0.05. Based on the results, interior design factors sub-group is often applied. 
Comparison between importance and application of interior design factors (sub-group 
3) 
The rank of the importance and the application of each interior design factor are 
the same except the first and second positions that are exchange with a slight differences 
between their RII. The importance of each factor from this sub-group is higher than the 
application. Also, the importance of the all sub-group factors with RII of 78.96% is 
higher than the application with RII of 69.90%. Interior design factors sub-group 
contains more practical factors that need procurement. It may influence by the bad 
political and economical situation in Gaza Strip. Because of siege may limited the use of 
some materials, furniture, and elements. Consequently, planners and designers are 
directed to use others with low ergonomics characteristics. 
- Awareness level about infection control factors (sub-group 4)  
There are 6 factors are classified under infection control factors sub-group. The 




rank regarding to respondents opinion about their importance and application, are shown 
in table 4.6. 
Importance of infection control factors (sub-group 4)  
The importance of infection control factors were categorized with ratings from 














Figure (4.9): RII of the importance of infection control factors sub-group (F29 to F34) 
“Separation of critical areas from general traffic and air movements” (F31), 
“isolation of the waste removable circulation and its assembly places from wards and 
departments” (F34), “isolation of infection cases wards” (F32), “provision of adequate 
number of wash hand within patient care areas and nurse stations” (F33), and 
“functional separation between outpatients, inpatients wards and diagnostic services 
areas” with closed RII of 96.13%, 94.84%, 94.84%, 91.61%, and 90.32%, are ranked 
1st, 2nd, 3rd, 4th, and 5th in this sub-group according to their importance respectively. 
“Cleanliness and ease of maintenance” (F29) with RII of 84.52% is the least important 




and Bartley et al. (2010), whose research studies highlighted these factors for infection 
control.  
Regarding results for the importance of all infection control factors sub-group, 
they show that the mean for all those factors equals 4.60, and the total RII equals 
92.04%, which is greater than the neutral value of RII 60%. The value of t-test equals 
4.88 that is greater than the critical value of t that equals 2.040. As well as, the total p-
value of the all factors equals 0.000* and it is less than the significance level 0.05. Based 
on the results, the importance of infection control factors in hospitals planning and 
design is extremely high from the perception of hospitals planners and designers. 
Furthermore, the awareness level of hospitals planners and designers about infection 
control factors is extremely high. 
Application of infection control factors (sub-group 4)  
The application of infection control factors were categorized with ratings from 


















Table (4.6): Awareness level of hospitals planners and designers about infection control factors (sub-group 4) 
No. Infection control factor 























































F29 Cleanliness and ease of maintenance. 4.23 0.80 84.52 4.50 0.000* 6 3.84 1.04 76.77 3.37 0.000* 6 
F30 Functional separation between outpatients, 
inpatients wards and diagnostic services areas. 
4.52 0.72 90.32 4.79 0.000* 5 4.10 0.91 81.94 4.16 0.000* 5 
F31 Separation of critical areas from general traffic 
and air movements 
4.81 0.48 96.13 5.20 0.000* 1 4.35 0.88 87.10 4.54 0.000* 1 
F32 Isolation of infection cases wards 4.74 0.51 94.84 5.11 0.000* 3 4.32 0.79 86.45 4.60 0.000* 3 
F33 Provision of adequate number of wash hand 
within patient care areas and nurse stations 
4.58 0.56 91.61 4.96 0.000* 4 4.32 0.75 86.45 4.60 0.000* 2 
F34 Isolation of the waste removable circulation and 
its assembly places from wards and departments 
4.74 0.44 94.84 5.13 0.000* 2 4.26 0.77 85.16 4.51 0.000* 4 
 All infection control factors 4.60 0.42 92.04 4.88 0.000*   4.20 0.67 83.98 4.72 0.000*   







“Separation of critical areas from general traffic and air movements” (F31) with RII of 
87.1% is the most application infection transmission control factors. “Provision of 
adequate number of wash hand within patient care areas and nurse stations” (F33), and 
“isolation of infection cases wards” (F32) with the same RII of 86.45%, and different 
standard deviation of 0.75, and 0.79 that ranked them 2nd, and 3rd according in this sub-
group according to their application respectively. While “cleanliness and ease of 
maintenance” (F29) with RII of 84.52% is the least application infection transmission 
control factors. 
Regarding results for the application of all factors under infection control factors 
sub-group, they show that the mean for all those factors equals 4.20, and the total RII 
equals 83.98%, which is greater than the neutral value of RII 60%. The value of t-test 
equals 4.72 that is greater than the critical value of t that equals 2.040. As well as, the 
total p-value of the all factors equals 0.000* and it is less than the significance level 
0.05. Based on the results, infection control factors sub-group is always applied. 
Comparison between importance and application of infection control factors (sub-
group 4) 
As shown in table 4.6, the rank of the importance and the application of each 
infection transmission control factors sub-group are the same except the second and 
fourth positions that are exchange with a slight differences between their RII. The 
importance of each factor from this sub-group is higher than the application. Also, the 
importance of the all sub-group factors with RII of 92.04% is higher than the application 
with RII of 83.98%. 
- Awareness level about exterior design factors (sub-group 5)  
There are 3 factors are classified under exterior design factors sub-group. The 
descriptive statistics related to these factors i.e. mean, SD, RII, t-value, P-value, and the 
rank regarding to respondents opinion about their importance and application, are shown 





Table (4.7): Awareness level of hospitals planners and designers about exterior design factors (sub-group 5) 
No. Infection control factor 























































F35 Planning and design hospital site paths to 
facilitate healthcare providers movements among 
building facilities. 
4.47 0.57 89.38 5.01 0.000* 1 3.97 0.78 79.38 4.31 0.000* 1 
F36 Provide external open spaces for healthcare 
providers. 
3.69 0.64 73.75 4.12 0.000* 3 3.22 0.91 64.38 1.33 0.091 3 
F37 Provide sufficient number of parking for 
ambulances and healthcare providers cars.  
4.34 0.75 86.88 4.70 0.000* 2 3.81 0.90 76.25 3.71 0.000* 2 
 All exterior design factors 4.17 0.46 83.33 4.89 0.000*   3.67 0.72 73.33 3.92 0.000*   







Importance of exterior design factors (sub-group 5)  
The importance of exterior design factors were categorized with ratings from 






Figure (4.11): RII of the importance of exterior design factors sub-group (F35 to F37) 
With an RII of 89.38%, “planning and design hospital site paths to facilitate 
healthcare providers movements among building facilities” (F35) is ranked in the first 
position in this sub-group, 15th among all physical ergonomics design factors, and 16th 
overall. While “provide external open spaces for healthcare providers” (F36), with an 
RII of 73.75% have least important exterior design factor, it ranks 3rd in this sub-group, 
38th among all physical ergonomics design factors, and overall. This outcome is in 
disagreement with Bengtsson and Grahn (2014), who referred in their study to the 
importance of external open spaces for healthcare providers. 
Regarding results for the importance of all exterior design factors sub-group, they 
show that the mean for all those factors equals 4.17, and the total RII equals 83.33%, 
which is greater than the neutral value of RII 60%. The value of t-test equals 4.89 that is 
greater than the critical value of t that equals 2.040. As well as, the total p-value of the 
all factors equals 0.000* and it is less than the significance level 0.05. Based on the 
results, the importance of exterior design factors in hospitals planning and design is 




awareness level of hospitals planners and designers about exterior design factors is 
extremely high. 
Application of exterior design factors (sub-group 5)  
The application of exterior design factors were categorized with ratings from 






Figure (4.12): RII of the application of exterior design factors sub-group (F35 to F37) 
“Planning and design hospital site paths to facilitate healthcare providers 
movements among building facilities” (F35), with an RII of 79.38% is ranked 1st in this 
sub-group, 21st among all physical ergonomics design factors, and 23th overall. While 
“provide external open spaces for healthcare providers” (F36) with an RII of 64.38% is 
the least application exterior design factor, and ranks 29th among all physical 
ergonomics design factors group, and 38th overall. This result disagree with Ghazali and 
Abbas (2012) whose research study illustrated a positive trend for external open spaces 
from healthcare planners and designers perception in Malaysia. 
Regarding results for the application of all factors under exterior design factors 
sub-group, they show that the mean for all those factors equals 3.67, and the total RII 
equals 73.33%, which is greater than the neutral value of RII 60%. The value of t-test 
equals 3.92 that is greater than the critical value of t that equals 2.040. As well as, the 




0.05. Based on the results, exterior design factors sub-group is often applied despite its 
extremely high importance. 
Comparison between importance and application of exterior design factors (sub-group 
5) 
The rank of the importance and the application of each exterior design factors are 
the same. The importance of each factor is higher than the application. Also, the 
importance of this sub-group with RII of 83.3% is higher than the application with RII 
of 73.33%. The results indicate that the awareness level of hospitals planners and 
designers about the importance of exterior design factors sub-group is extremely high, 
but this awareness may affected by some barriers in the application.  
The results of the importance, the application, and differences between them are 
probably related to the limited areas, and design priorities in this situation. In Gaza Strip, 
many healthcare facilities especially hospitals do not have sufficient external areas that 
related to the building, because of the limited area. So that healthcare planners and 
designers may concentrate their importance of providing external paths around the 
building rather than the green external areas. External open spaces for healthcare 
providers may not considered as an essential element. Because of planners and designers 
directed their design for patients rather than healthcare providers.  
- Overall physical ergonomics design factors (group 2)  
The overall ranking of 5 physical ergonomics sub-groups are shown in table 4.8. 
The results illustrate that “infection transmission control factors sub-group” with RII of 
92.04% is the most important physical ergonomics design factors sub-group. 
“Circulation factors sub-group”, “spatial factors sub-group”, and “exterior design 
factors sub-group” with RII of 89.79%, 89.04%, and 83.33% are ranked 2nd, 3rd, and 4th 
in this group respectively. While “interior design factors sub-group” with RII of 78.96% 
is the least important physical ergonomics design factors sub-groups. Table 4.8 shows 
that “infection transmission control factors sub-group”, “spatial factors sub-group”, and 




most application and ranked 1st, 2nd, and 3rd in this group. “Interior design factors sub-
group” with RII of 69.90% is the least application physical ergonomics design factors 
sub-groups. 
The overall 31 factors studied are presented in table 4.9. As shown, the top 10 
ranked physical ergonomics design factors important in planning and design phase of 
healthcare projects in Gaza Strip are: (1) separation of critical areas from general traffic 
and air movements; (2) isolation of the waste removable circulation and its assembly 
places from wards and departments; (3) isolation of infection cases wards; (4) consider 
the design requirements for fire-fighting systems; (5) design corridors with appropriate 
dimensions so as not to hinder the movement and lead to congestion; (6) provide 
adequate number of stairs and elevators according to the movement intensity and nature; 
(7) study the entrances and exits of healthcare providers, especially in emergency 
situations to facilitate their work; (8) the appropriate dimensions of doors and windows 
openings; (9) provision of adequate number of wash hand within patient care areas and 
nurse stations; and (10) standardized the arrangement of medical devices and furniture in 
spaces. 
While the top 10 ranked physical ergonomics design factors application in 
planning and design phase of healthcare projects in Gaza Strip are: (1) consider the 
design requirements of spaces that contain dangerous radiation devices; (2) the 
appropriate positions, dimensions, and directions of doors and windows openings; (3) 
design corridors with appropriate dimensions so as not to hinder the movement and lead 
to congestion; (4) separation of critical areas from general traffic and air movements; (5) 
isolation of infection cases wards; (6) provision of adequate number of wash hand within 
patient care areas and nurse stations; (7) provide adequate number of stairs and elevators 
according to the movement intensity and nature; (8) consider the design requirements for 
fire-fighting systems; (9) sufficient spaces dimensions and areas; and (10) the 





Table (4.8): Mean, SD, RII, t-value, P-value, and rank of all physical ergonomics design factors sub-groups 
Physical ergonomics sub-group 

























































Spatial factors 4.45 0.37 89.04 4.94 0.000* 3 4.19 0.61 83.85 4.63 0.000* 2 
Circulation factors 4.49 0.43 89.79 4.95 0.000* 2 4.15 0.6 82.92 4.87 0.000* 3 
Interior design factors 3.95 0.5 78.96 4.72 0.000* 5 3.49 0.74 69.90 3.17 0.001* 5 
Infection transmission control factors 4.6 0.42 92.04 4.88 0.000* 1 4.2 0.67 83.98 4.72 0.000* 1 
Exterior design factors 4.17 0.46 83.33 4.89 0.000* 4 3.67 0.72 73.33 3.92 0.000* 4 
All physical ergonomics sub-groups 4.33 0.44 87.42 4.88 0.000*   4.02 0.67 80.32 4.07 0.014*   
Critical value of t: at degree of freedom (df)= (N-1)= (32- 1)= 31 and significance probability level 0.05 equals 2.040 
 
Table (4.9): RII and rank of all physical ergonomics design factors group  
 No. Physical factor  Sub-group 
Importance Application 
RII (%) Rank RII (%) Rank 
F7 The appropriate selection of space location, arrangement and orientation for 
functionality.  
Spaital factors 86.88 20 81.25 16 
F8 The appropriate selection of space shape that provide smooth working. Spaital factors 90.00 14 84.38 11 
F9 Sufficient spaces dimensions and areas. Spaital factors 88.13 17 85.63 7 
F10 The appropriate height of spaces ceilings. Spaital factors 88.75 16 84.38 10 
F11 The appropriate dimensions of doors and windows openings. Spaital factors 92.50 8 89.38 1 




Table (4.9): Continued 
 No. Physical factor  Sub-group 
Importance Application 
RII (%) Rank RII (%) Rank 
F13 Achieve privacy in healthcare providers units. Spaital factors 81.25 28 76.88 24 
F14 Consider the design requirements for mechanical and electrical systems. Spaital factors 91.25 11 82.50 14 
F15 Consider the design requirements for fire-fighting systems. Spaital factors 94.38 4 85.63 7 
F16 Consider the distribution of structural elements in spaces. Spaital factors 85.63 23 80.63 17 
F17 Reduce the distances traveled by healthcare providers during work. Circulation factor 82.50 26 76.25 26 
F18 Design corridors with appropriate dimensions so as not to hinder the 
movement and lead to congestion. 
Circulation factor 94.38 4 88.75 2 
F19 Provide adequate number of stairs and elevators according to the movement 
intensity and nature. 
Circulation factor 93.13 6 86.25 6 
F20 Study the entrances and exits of healthcare providers, especially in emergency 
situations to facilitate their work. 
Circulation factor 92.50 7 82.50 13 
F21 Provide ramps with appropriate dimensions and slopes  Circulation factor 90.00 13 84.38 12 
F22 The use of familiar wayfindings to determine spaces location.   Circulation factor 86.25 22 79.38 21 
F23 Using the appropriate ergonomics furniture. interior design factor 86.88 19 77.50 23 
F24 Standardized the arrangement of medical devices and furniture in spaces interior design factor 91.25 10 80.00 20 
F25 Using the appropriate colors. interior design factor 81.88 27 75.63 28 
F26 Using the appropriate finishing materials. interior design factor 88.13 18 80.63 18 
F27 The use of natural elements such as plants in spaces. interior design factor 67.50 30 58.75 30 
F28 Provide areas for art objects.  interior design factor 58.13 31 46.88 31 




Table (4.9): Continued 
 No. Physical factor  Sub-group 
Importance Application 
RII (%) Rank RII (%) Rank 
F31 Separation of critical areas from general traffic and air movements Infection control 96.13 1 87.10 3 
F32 Isolation of infection cases wards Infection control 94.84 3 86.45 5 
F33 Provision of adequate number of wash hand within patient care areas and 
nurse stations 
Infection control 91.61 9 86.45 4 
F34 Isolation of the waste removable circulation and its assembly places from 
wards and departments 
Infection control 94.84 2 85.16 9 
F35 Planning and design hospital site paths to facilitate healthcare providers 
movements among building facilities. 
Exterior design factor 89.38 15 79.38 21 
F36 Provide external open spaces for healthcare providers. Exterior design factor 73.75 29 64.38 29 
F37 Provide sufficient number of parking for ambulances and healthcare providers 
cars.  





4.1.2.3. Awareness level of hospitals planners and designers environmental 
ergonomics design factors (group 3) 
The awareness level of hospitals planners and designers about environmental 
ergonomics design factors group was assessed according to their importance and 
application. Environmental ergonomics design factors consists of 6 factors, the 
descriptive statistics related to these factors i.e. mean, SD, RII, t-value (two-tailed), P-
value, and the rank regarding to respondents opinion about their importance and 
application, are shown in table 4.10. 
Importance of environmental ergonomics design factors (group 3) 
The importance of environmental ergonomics design factors were categorized with 














Figure (4.13): RII of the importance of environmental ergonomics design factors (F38 
to F43) 
With an RII of 88.13%, the surveyed healthcare planners and designers ranked 
“studying lighting distribution within healthcare building spaces” (F38) 1st in this group, 
and 20th among the 43 factors surveyed. This result is in agreement with Chaudhury et 




and Abu Samah et al. (2013), whose research studies determined this factor as important 
in the United States, United Kingdom, Malaysia, and China. This finding is most 
probably related to the importance of lighting in designing workplaces, especially those 
related to health sector because of its sensitivity. Healthcare providers require sufficient 
lighting in order to perform their work, where any defect in their performance during 
diagnosis, treatment, operations, and writing and reading records can affect patients life.  
“Studying air movement within healthcare building spaces” (F40) with an RII of 
86.25% ranks 2nd in this group, and 27th overall in its importance. This result is 
attributed to design requirements of healthcare spaces and the relationship between 
infection transmission, air movement and ventilation. This outcome agrees with Rechel 
et al. (2009), Mourshed and Zhao (2012), and Abu Samah et al. (2013) whose illustrated 
this factor as important in the United Kingdom, China, and Malaysia respectively. In the 
United sates, Bartley et al. (2010) highlighted the importance of air quality and 
ventilation according to guidance for design and construct healthcare facilities. In 
contrast, and in the same country, healthcare providers ranked the importance of this 
factor in the last through Mahmood et al. (2011) study.  
While “studying vibrations that occur due to the internal and external 
environment” (F43) with an RII of 72.5% is the last important environmental 
ergonomics design factor, and ranked 6th in this group, and  40th overall.  
Regarding results for the importance of all environmental ergonomics design 
factors group, they show that the mean for all those factors equals 4.10, and the total RII 
equals 81.98%, which is greater than the neutral value of RII 60%. The value of t-test 
equals 4.95 that is greater than the critical value of t that equals 2.040. As well as, the 
total p-value of the all factors equals 0.000* and it is less than the significance level 
0.05. Based on the results, the importance of environmental ergonomics design factors in 
hospitals planning and design is extremely high from the perception of hospitals 
planners and designers. Furthermore, the awareness level of hospitals planners and 





Application of environmental ergonomics design factors (group 3) 
The application of environmental ergonomics design factors were categorized with 














Figure (4.14): RII of the application of environmental ergonomics design factors (F38 
to F43) 
“Studying lighting distribution within healthcare building spaces” (F38), and 
“studying air movement within healthcare building spaces” (F40) with RII of 77.5%, 
and 74.38% are the most environmental ergonomics design factors application in the 
planning and design phase of healthcare projects. These two factors are ranked 1st, and 
2nd in this group, and 26th, and 33rd in their application among overall, respectively. This 
outcome is probably related to the existence of electrical and mechanical engineers in 
healthcare projects, who responsible for artificial lighting distribution, and ventilation, 
respectively in coordination with architectural planners and designers. Healthcare 
providers in Jordan have a contrast opinion from healthcare planners and designers in 
Gaza Strip about lighting. Alzoubi and Al-Rqaibat (2014) found that healthcare 





Table (4.10): Awareness level of hospitals planners and designers about environmental ergonomics design factors (group 3) 
No. Environmental ergonomics design factor 























































F38 Studying light within healthcare building spaces. 4.41 0.71 88.13 4.79 0.000* 1 3.88 0.87 77.50 3.96 0.000* 1 
F39 Studying all sounds types and find solutions for 
noise. 
4.00 0.84 80.00 4.26 0.000* 5 2.97 1.18 59.38 0.29 0.390 5 
F40 Studying air movement within healthcare 
building spaces. 
4.31 0.82 86.25 4.62 0.000* 2 3.72 0.92 74.38 3.42 0.000* 2 
F41 Studying the temperature within healthcare 
building spaces to keep thermal comfort. 
4.19 0.69 83.75 4.70 0.000* 3 3.66 0.83 73.13 3.50 0.000* 3 
F42 Studying humidity within healthcare building 
spaces. 
4.06 0.72 81.25 4.54 0.000* 4 3.56 0.88 71.25 3.08 0.001* 4 
F43 Studying vibrations that occur due to the internal 
and external environment and find solutions.  
3.63 0.94 72.50 3.07 0.001* 6 2.94 1.08 58.75 0.42 0.340 6 
 All environmental ergonomics design factors 4.10 0.52 81.98 4.95 0.000*   3.45 0.77 69.06 2.93 0.002*   








 “Studying vibrations that occur due to the internal and external environment and 
find solutions” (43) with mean equals 2.94, and the total RII equals 58.75%, which is 
less than the neutral value of RII 60%. The value of t-test equals 0.42 that is less than the 
critical value of t that equals 2.040. As well as, the total p-value of the all factors equals 
0.340 and it is higher than the significance level 0.05, so that the factor means are 
statistically insignificant differences. This result indicated that hospitals planners and 
designers sometimes apply “studying vibrations that occur due to the internal and 
external environment and find solutions” (43). These results may related to the lack of 
practical knowledge of healthcare planners and designers about how to study the 
different types of sounds, and vibrations. In addition, studying vibrations that occur due 
to the external environment required from designers to visit project site with 
measurement devices that may not available. In Gaza Strip, all building exposed to high 
vibrations especially during the Israeli wars and shelling, as well as the voices of high 
explosions. In these situations, hospitals receives many injuries and critical cases, which 
required from healthcare providers high quality performance without being influenced 
by the external environment. Consequently, hospitals building need to be designed and 
address with noise and vibration considerations.  
Regarding results for the application of all factors under environmental 
ergonomics design factors group, they show that the mean for all those factors equals 
3.45, and the total RII equals 69.06%, which is greater than the neutral value of RII 
60%. The value of t-test equals 2.93 that is greater than the critical value of t that equals 
2.040. As well as, the total p-value of the all factors equals 0.002* and it is less than the 
significance level 0.05. Based on the results, environmental ergonomics design factors 
group is often applied. 
Comparison between importance and application of environmental ergonomics design 
factors (group 3) 
The importance of each factor is higher than the its application. Furthermore, the 
importance of environmental ergonomics group with an RII of 81.98% is higher than the 




hospitals planners and designers about the importance of environmental ergonomics 
design factors group is extremely high, but this awareness may affected by some barriers 
in the application.  
This decrease in the application of environmental ergonomics design factors may 
due to the insufficient experience of planners and designers on addressing environmental 
factors. In addition to the complexity of hospitals environment that need special 
requirements and deeply analysis and understanding. As well as the external design of 
some hospitals buildings in by foreign consultant or organization in other country, may 
make Gaza Strip healthcare planners and designers in limited inform on the degree of 
environmental ergonomics design factors application.  
4.1.2.4. Overall ergonomics design factors groups 
Ergonomics design factors were divided into 3 groups, the descriptive statistics 
related to these groups i.e. mean, SD, RII, t-value (two-tailed), P-value, and the rank 
regarding to respondents opinion about their importance and application, are shown in 
table 4.11. 
Importance of ergonomics design factors groups 
The results in table 4.11 illustrates that “physical ergonomics design factors 
group” with RII of 87.42% is the most important ergonomics design factors group. This 
result agrees with Mahmood et al. (2011) and Mahmood et al. (2012) that some physical 
design factors have the importance factors among several physical environmental factors 
in the United States and Canada respectively. In Australia, Liu et al. (2014) emphasized 
the importance of physical design factors on medication communication. Physical 
ergonomics design factors combine the essential factors that should considered for any 
building design not only for healthcare buildings design. “General ergonomics design 
factors group”, and “environmental ergonomics design factors group” with closed RII 
of 82.40%, and 81.98%, are ranked 2nd, and 3rd respectively. Parsons (2000) highlighted 
the positive effects of environmental ergonomics design factors on the health, comfort 




Regarding results for the importance of all ergonomics design factors groups, they 
show that the mean for all those factors equals 4.30, and the total RII equals 86.01%, 
which is greater than the neutral value of RII 60%. The value of t-test equals 4.94 that is 
greater than the critical value of t that equals 2.040. As well as, the total p-value of the 
all factors equals 0.000* and it is less than the significance level 0.05. Based on the 
results, the importance of all ergonomics design factors groups in hospitals planning and 
design is extremely high from the perception of hospitals planners and designers. This 
means that healthcare planners and designers are aware about the importance of 
ergonomics design factors, but the most from the respondents were not aware about 
ergonomics science that appeared through their querying for the meaning of this term. 
Application of ergonomics design factors groups 
The results in table 4.11 presents that “physical ergonomics design factors group” 
with RII of 80.32% is the most application ergonomics design factors group. As shown 
in the literature review, physical ergonomics design factors contains familiar factors for 
planners and designers such as dimensions, shape, orientation, and arrangement of 
spaces. Because these factors are essential in design process, where planners and 
designers try to find innovation solutions for this type of design factors. The 
concentration on such factors is not associated with ergonomics concept only, but it 
generates from designing for all buildings users. 
“General ergonomics design factors group” with RII of 73.23% is ranked 2nd. 
While “environmental design factors group” with RII of 69.06% has the lowest 
application. Healthcare planners and designers may not have sufficient background 
about how to study and address some environmental ergonomics design factors such as 
noise and vibration. So that, these factors may not be highly considered in the planning 
and design phase. Despite its importance on create a comfort work environment for 
healthcare providers. Furthermore, architects design healthcare buildings in highly 
coordination with mechanical and electrical engineers. It may reduce their concentration 
on applying some environmental ergonomics design factors such as temperature, 




Regarding results for the application of all ergonomics design factors groups, they 
show that the mean for all those factors equals 3.89, and the total RII equals 77.87%, 
which is greater than the neutral value of RII 60%. The value of t-test equals 4.84 that is 
greater than the critical value of t that equals 2.040. As well as, the total p-value of the 
all factors equals 0.000* and it is less than the significance level 0.05. Based on the 
results, the application of ergonomics design factors in planning and design phase of 
healthcare projects is relatively high. This outcome agrees with a study conducted by 
Ghazali and Abbas (2012) in Malaysia to evaluate the quality of hospitals physical 
environment. They found that healthcare designers have positive design trends in 
applying the physical and environmental design factors.  
Comparison between importance and application of all ergonomics design factors 
groups 
As shown in table 4.11, the rank of the importance and the application of each 
ergonomics design factors group are the same. While the importance of all ergonomics 
design factors groups with RII of 86.01% is higher than their application with RII of 
77.87%. The researcher can interpret this findings through the short discussion that 
occurs during questionnaires distribution between the researcher and the respondents. 
Which reveals that some hospitals in Gaza Strip were designed by outside consultant 
office in other countries in coordination with the inside organizations that responsible 
for design. Then, the final design were reviewed by these organizations such as the 
European hospital in Khanyounis. Consequently, healthcare planners and designers may 
have low sensitivity for application. Furthermore, planners and designers who 
contributed in designing healthcare buildings may not have sufficient experience about 
how to apply ergonomics design factors. In addition, planning and design process of 
healthcare buildings may encountered some barriers that hinder the application that will 




Table (4.11): Mean, SD, RII, t-value, P-value, and rank of the ergonomics design factors groups 
Ergonomics design factors group 























































Physical ergonomics design factors group 4.33 0.44 87.42 4.88 0.000* 1 4.02 0.67 80.32 4.07 0.014* 1 
General ergonomics design factors group 4.12 0.46 82.4 4.95 0.000* 2 3.66 0.64 73.23 4.08 0.000* 2 
Environmental ergonomics design factors group 4.10 0.52 81.98 4.95 0.000* 3 3.45 0.77 69.06 2.93 0.002* 3 
All ergonomics design factors groups 4.30 0.35 86.01 4.94 0.000*   3.89 0.56 77.87 4.84 0.000*   








4.1.2.5. Overall ergonomics design factors in hospitals planning and design 
projects 
The overall 43 ergonomics design factors studied are presented in table 4.12. As 
shown, the top 15 ranked ergonomics design factors important in planning and design 
phase of healthcare projects in Gaza Strip are: (1) separation of critical areas from 
general traffic and air movements; (2) consider the design requirements of spaces that 
contain dangerous radiation devices; (3) isolation of the waste removable circulation and 
its assembly places from wards and departments; (4) isolation of infection cases wards; 
(5) consider the design requirements for fire-fighting systems; (6) design corridors with 
appropriate dimensions so as not to hinder the movement and lead to congestion; (7) 
provide adequate number of stairs and elevators according to the movement intensity 
and nature; (8) study the entrances and exits of healthcare providers, especially in 
emergency situations to facilitate their work; (9) the appropriate positions, dimensions, 
and directions of doors and windows openings; (10) provision of adequate number of 
wash hand within patient care areas and nurse stations; (11) furniture and devices 
arrangement; (12) consider the design requirements for mechanical and electrical 
systems; (13) complete understanding of work system and its components within 
hospital building; (14) the appropriate space arrangement according to functional 
relationship between spaces; and (15) functional separation between outpatients, 
inpatients wards and diagnostic services areas. 
While the top 15 ranked ergonomics design factors application in planning and 
design phase of healthcare projects in Gaza Strip are: (1) consider the design 
requirements of spaces that contain dangerous radiation devices; (2) the appropriate 
positions, dimensions, and directions of doors and windows openings; (3) design 
corridors with appropriate dimensions so as not to hinder the movement and lead to 
congestion; (4) separation of critical areas from general traffic and air movements; (5) 
provision of adequate number of wash hand within patient care areas and nurse stations; 
(6) isolation of infection cases wards; (7) provide adequate number of stairs and 




dimensions and areas; (9) consider the design requirements for fire-fighting systems; 
(10) the appropriate space arrangement according to functional relationship between 
spaces; (11) isolation of the waste removable circulation and its assembly places from 
wards and departments; (12) the appropriate height of spaces ceilings; (13) the 
appropriate selection of space shape that provide smooth working; (14) provide ramps 





Table (4.12): RII and rank of all ergonomics design factors  
 No. Ergonomics factor  Group Importance Application 
  
RII (%) Rank RII (%) Rank 




90.63 12 83.75 14 
F2 Clear definition for building users and their requirements. General ergonomics 
design factors 
88.75 17 84.38 13 




73.75 39 68.13 37 
F4 Prepare a written ergonomics program of the application mechanism. General ergonomics 
design factors 
68.13 41 51.25 42 
F5 The use of healthcare buildings design and ergonomics guidance. General ergonomics 
design factors 
87.50 22 78.75 25 




85.63 28 73.13 35 
F7 The appropriate selection of space location, arrangement and 
orientation for functionality.  
Physical ergonomics 86.88 24 81.25 18 
F8 The appropriate selection of space shape that provide smooth working. Physical ergonomics 90.00 15 84.38 11 
F9 Sufficient spaces dimensions and areas. Physical ergonomics 88.13 19 85.63 7 
F10 The appropriate height of spaces ceilings. Physical ergonomics 88.75 18 84.38 10 
F11 The appropriate dimensions of doors and windows openings. Physical ergonomics 92.50 8 89.38 1 
F12 Provide spaces for healthcare providers rest. Physical ergonomics 83.75 31 80.00 21 
F13 Achieve privacy in healthcare providers units. Physical ergonomics 81.25 36 76.88 28 
F14 Consider the design requirements for mechanical and electrical 
systems. 
Physical ergonomics 91.25 11 82.50 16 




Table (4.12): Continued  
 No. Ergonomics factor  Group Importance Application 
  RII (%) Rank RII (%) Rank 
F17 Reduce the distances traveled by healthcare providers during work. Physical ergonomics 82.50 33 76.25 30 
F18 Design corridors with appropriate dimensions so as not to hinder the 
movement and lead to congestion. 
Physical ergonomics 94.38 4 88.75 2 
F19 Provide adequate number of stairs and elevators according to the 
movement intensity and nature. 
Physical ergonomics 93.13 6 86.25 6 
F20 Study the entrances and exits of healthcare providers, especially in 
emergency situations to facilitate their work. 
Physical ergonomics 92.50 7 82.50 15 
F21 Provide ramps with appropriate dimensions and slopes  Physical ergonomics 90.00 14 84.38 12 
F22 The use of familiar wayfindings to determine spaces location.   Physical ergonomics 86.25 26 79.38 23 
F23 Using the appropriate ergonomics furniture. Physical ergonomics 86.88 23 77.50 27 
F24 Standardized the arrangement of medical devices and furniture in 
spaces 
Physical ergonomics 91.25 10 80.00 22 
F25 Using the appropriate colors. Physical ergonomics 81.88 34 75.63 32 
F26 Using the appropriate finishing materials. Physical ergonomics 88.13 20 80.63 20 
F27 The use of natural elements such as plants in spaces. Physical ergonomics 67.50 42 58.75 41 
F28 Provide areas for art objects.  Physical ergonomics 58.13 43 46.88 43 
F29 Cleanliness and ease of maintenance. Physical ergonomics 84.52 30 76.77 29 
F30 Functional separation between outpatients, inpatients wards and 
diagnostic services areas. 
Physical ergonomics 90.32 13 81.94 17 
F31 Separation of critical areas from general traffic and air movements Physical ergonomics 96.13 1 87.10 3 




Table (4.12): Continued 
 No. Ergonomics factor  Group Importance Application 
  RII (%) Rank RII (%) Rank 
F34 Isolation of the waste removable circulation and its assembly places 
from wards and departments 
Physical ergonomics 94.84 2 85.16 9 
F35 Planning and design hospital site paths to facilitate healthcare 
providers movements among building facilities. 
Physical ergonomics 89.38 16 79.38 23 
F36 Provide external open spaces for healthcare providers. Physical ergonomics 73.75 38 64.38 38 
F37 Provide sufficient number of parking for ambulances and healthcare 
providers cars.  
Physical ergonomics 86.88 24 76.25 31 
F38 Studying light within healthcare building spaces. Environmental ergonomics 88.13 20 77.50 26 
F39 Studying all sounds types and find solutions for noise. Environmental ergonomics 80.00 37 59.38 39 
F40 Studying air movement within healthcare building spaces. Environmental ergonomics 86.25 27 74.38 33 
F41 Studying the temperature within healthcare building spaces to keep 
thermal comfort. 
Environmental ergonomics 83.75 31 73.13 34 
F42 Studying humidity within healthcare building spaces. Environmental ergonomics 81.25 35 71.25 36 
F43 Studying vibrations that occur due to the internal and external 
environment and find solutions.  
Environmental ergonomics 72.50 40 58.75 40 
       





4.1.3. Benefits of ergonomics application in hospitals planning and design projects  
The findings and discussion of 14 ergonomics application benefits in hospitals 
planning and design projects in Gaza Strip are shown in this section. The benefits were 
taken from the literature review and adapted by modifying and merging according to the 
results of pilot study as shown in chapter 3. The benefits were subjected to descriptive 
statistics and the results were presented, discussed, and compared to previous related 
studies under 3 groups. These groups are: “benefits to healthcare providers group” 
contains 5 benefits; “benefits to patients group" contains 3 benefits; and “benefits to 
hospitals management group” contains 6 benefits. 
4.1.3.1. Benefits to healthcare providers group 
Table 4.13 presents the means, SD, RII, t value, P-value, and ranks of the 5 
benefits classified under benefits to healthcare providers group. Benefits to healthcare 
providers were categorized with rating from 83.75% to 73.13% (Figure 4.15). 
Table (4.13): Mean, SD, RII, t-value, P-value, and rank benefits to healthcare 





























BE1 Enhance good working 
conditions. 
4.19 0.64 83.75 4.80 0.000* 1 
BE2 Decrease healthcare providers 
stress  
4.16 0.63 83.13 4.82 0.000* 2 
BE3 Reduce fatigue and pain 
related to work especially back 
and neck pain. 
3.66 0.75 73.13 3.75 0.000* 5 
BE4 Improve healthcare providers 
safety by reducing injuries and 
accidents. 
4.16 0.85 83.13 4.41 0.000* 3 
BE5 Reduce medical errors that 
occurred by healthcare 
providers during their work. 

































 All benefits 4.09 0.75 81.70 4.43 0.000*   
Critical value of t: at degree of freedom (df)= (N-1)= (32- 1)= 31 and significance 











Figure (4.15): RII of ergonomics application benefits for healthcare providers 
With an RII of 83.75%. “Enhance good working conditions” (BE1) ranks 1st in 
this group, and 3rd overall. These outcome agree with the findings of Huisman et al. 
(2012), whose study reviewed the impact of healthcare building physical environment 
on users in Netherlands. These findings are most probably related to the objectives of 
healthcare facilities planners and designers, which include create good working 
conditions for healthcare providers to be more comfortable during their work. So that, it 
is logical for the respondents to rank these two benefits as the most effective. Good 
working conditions can be achieve during ergonomics design factors application in the 
planning and design phase, such as: sufficient working areas, appropriate spaces 




and appropriate lighting and temperature. All of that can make healthcare providers 
feeling comfort in their work. 
“Decrease healthcare providers stress” (BE2), and “improve healthcare providers 
safety” (BE4) with the same an RII of 83.13%, and closed standard deviations 0.63, and 
0.85, are ranked 2nd, and 3rd in this group, and 5th, and 8th among all factors, respectively. 
These results corroborates the findings of research studies that determined these benefits 
as positive impact of physical environment by Ulrich et al. (2004), Nelson et al. (2006), 
and Bartley et al. (2010) in the United States, Rechel et al. (2009) in the United 
Kingdom, and Ahmad et al. (2014) in Europe, North America, Africa, Far East, and 
Middle East. As the results of these three benefits show, healthcare planners and 
designers are aware about ergonomics design factors application in their design, but they 
may not able to determine the rank of these three benefits according to effectiveness. 
While healthcare providers may be more able to create differences between these 
benefits.  
“Reduce medical errors that occurred by healthcare providers during their work” 
(BE5) with an RII of 78.75% ranks 4th in this group, and 9th overall. This result disagrees 
with Rechel et al. (2009), Wears et al. (2010), Kamali and Abbas (2011), Huisman et al. 
(2012), Mourshed and Zhao (2012), Price and Lu (2013), and Ahmad et al. (2014), who 
highlighted the reduction in medical errors as the key benefits from such ergonomics 
design factors application in the United Kingdom, United States, Malaysia, China, 
Netherlands, and Europe, North America, Africa, Far East, and Middle East. As the 
researcher Know, there are not official reports that be produced to highlight the rate of 
medical errors occurred in the Gaza Strip healthcare facilities, while other referred 
countries have such reports despite their medical advanced in comparison with Gaza 
Strip. For this reason, healthcare planners and designers rank other benefits in advance 
of this benefit, where they not have a clear back ground about the errors occurred in the 
healthcare sector. 
Ranks 5th in this group, 14th among all benefits investigated, with an RII of 




neck pain” (BE3). This result is in disagreement with Fujishiro et al. (2005), and Nelson 
et al. (2006) whose study research emphasized the positive impact of ergonomics 
application on MSDs among healthcare providers in the United States. The reason 
behind this result is healthcare planners and designers may not have large awareness 
about the impact of their design on the body health of healthcare providers. Because this 
impact need a deeply analysis to understand. For example, if the door opening 
dimensions is not suitable for the access of patient beds, healthcare providers may exert 
more physical effort in order to pass the bed from this door or finding another one, 
resulting in feeling fatigue or pain.  
Regarding results of benefits to healthcare providers, they show that the mean for 
all those benefits equals 4.09, and the total RII equals 81.70%, which is greater than the 
neutral value of RII 60%. The value of t test equals 4.43 that is greater than the critical 
value of t that equals 2.040. As well as, the total p-value of the benefits equals 0.000* 
and it is less than the significance level 0.05. Based on the results, benefits to healthcare 
providers group gained from ergonomics application in hospitals design are highly 
effective from the perception of hospitals planners and designers. 
4.1.3.2. Benefits to patient 
Table 4.14 presents the means, SD, RII, t value, P-value, and ranks of the 3 
benefits classified under benefits to healthcare providers group. Benefits to patients were 
categorized with rating from 86.88% to 80.63% (Figure 4.16). 
Table (4.14): Mean, SD, RII, t-value, P-value, and rank of benefits of ergonomics 





























BE6 Rapid healthcare services 
introducing to patients 
especially in emergency 
situation. 
4.34 0.7 86.88 4.83 0.000* 1 

































BE8 Reduce patient length of stay 
in hospital. 
4.03 0.59 80.63 4.82 0.000* 3 
 All benefits 4.21 0.67 84.17 4.8 0.000*   
Critical value of t: at degree of freedom (df)= (N-1)= (32- 1)= 31 and significance 






Figure (4.16): RII of ergonomics application benefits to patients 
The respondents rank the “rapid healthcare services introducing to patients 
especially in emergency situation” (BE6) as the most effective benefit in this group and 
among overall benefits, with an RII of 86.88%. “Patient safety” (BE7) with an RII of 
85% ranks 2nd in this group, and among overall. This result agrees with Ulrich et al. 
(2004), Zhao et al. (2009), Bartley et al. (2010), Huisman et al. (2012), Mourshed and 
Zhao (2012), Price and Lu (2013), and Ahmad et al. (2014), who highlighted patient 
safety as a benefit from such ergonomics design factors application in the United 




East, and Middle East. Ranks 3th in this group, 8th among all benefits investigated, with 
an RII of 80.63%, is assigned to “reduce patient length of stay in hospital” (BE8). This 
finding supports the result obtained by Ulrich et al. (2004), and Bartley et al. (2010) who 
reported this benefit as effective in the United States.  
These results are probably related to the major concentration of healthcare 
planners and designers on patients. So that, they are aware about what patients need 
from healthcare facility. Patient want to perceive a rapid and quality services especially 
in Gaza Strip where there is a high risk for emergency situations. Achieve patients safety 
during design healthcare facility with infection control considerations, and facilitate the 
work of healthcare providers in order to reduce the exposure to medical error through 
physical and environmental design. Furthermore, patient want reduce the length of stay 
in healthcare facility. Consequently, the respondents in this part of questionnaire may 
not absolutely determine their opinion for benefits of ergonomics application. 
Regarding results of benefits to patients group, they show that the mean for all 
those benefits equals 4.21, and the total RII equals 84.17%, which is greater than the 
neutral value of RII 60%. The value of t test equals 4.80 that is greater than the critical 
value of t that equals 2.040. As well as, the total p-value of the benefits equals 0.000* 
and it is less than the significance level 0.05. Based on the results, benefits to patients 
group gained from ergonomics application in hospitals design are highly effective from 
the perception of hospitals planners and designer. 
4.1.3.3. Benefits to hospital management 
Table 4.15 presents the means, SD, RII, t value, P-value, and ranks of the 6 
benefits classified under benefits to hospital management group. Benefits to patients 





































BE9 Increase job satisfaction. 4.16 0.68 83.13 4.71 0.000* 2 
BE10 Advance the organizational 
safety culture. 
3.84 0.81 76.88 4.06 0.000* 4 
BE11 Improve the performance of 
healthcare providers and the 
quality of services. 
4.16 0.63 83.13 4.82 0.000* 1 
BE12 Reduce hospitals operational 
cost. 
3.81 0.9 76.25 3.71 0.000* 5 
BE13 Reduce losing time during 
work. 
3.75 0.8 75.00 3.81 0.000* 6 
BE14 Contribute to human 
sustainable development. 
3.88 0.75 77.50 4.18 0.000* 3 
 All benefits 3.89 0.78 77.75 4.12 0.000*   
Critical value of t: at degree of freedom (df)= (N-1)= (32- 1)= 31 and significance 


















The respondents from hospitals planners and designers ranked “improve the 
performance of healthcare providers and the quality of services” (BE11) with an RII of 
83.13% as the most effective benefits under benefits to hospitals management, and 4th 
overall. This outcome is in agreement with Ulrich et al. (2004), Chaudhury et al. (2009), 
Kamali and Abbas (2011), Mourshed and Zhao (2012), Gbettor et al. (2013), and Ahmed 
et al. (2014) whose research studies reported a significant effectiveness of this benefit in 
the United States for the first two research authors, Malaysia, China, Ghana, and the 
United Kingdom, Europe, North America, Africa, Far East, and Middle East for the last 
research authors, respectively. This result is probably related to the objective of 
designing workplace, planners and designers try to facilitate the work of healthcare 
providers to improve their performance, which affect services quality through the 
appropriate design. For example, if the lighting in the treatment room is not sufficient or 
there is over glare because of the surfaces characteristics, the performance of healthcare 
providers may affect and introduce for patient a wrong medicine resulting in low quality. 
With an RII of 75.00%, “reduce losing time during work” (BE13) is ranked 6th in 
the benefits to hospitals management group, and 13th among all benefits surveyed. This 
result disagrees with Nelson et al. (2006) who highlighted this benefits in their study 
about the impact of ergonomics application program in the United States. During 
healthcare facility design, healthcare planners and designers may not have deeply 
thinking about the effects of their design on management aspects, especially those need 
to a chain analysis such as losing time that resulting from injuries and accidents, 
searching for a special medical devices that located in incorrect place, and walking a 
long distance to reach the required spaces by healthcare providers.  
Regarding results of benefits to hospitals management group, they show that the 
mean for all those benefits equals 3.89, and the total RII equals 77.75%, which is greater 
than the neutral value of RII 60%. The value of t test equals 4.80 that is greater than the 
critical value of t that equals 2.040. As well as, the total p-value of the benefits equals 




hospitals management group gained from ergonomics application in hospitals design are 
effective from the perception of hospitals planners and designer. 
4.1.3.4. Benefits groups of ergonomics application in hospitals design 
The overall ranking of 3 benefits groups, under which corresponding benefits of 
ergonomics application in hospitals design are classified, and shown in table 4.16. 
  
The results illustrate that the “benefits to patient group” ranks 1st among the 
groups, within an overall average RII of 84.17%. The “benefits to healthcare providers”, 
with an average RII of 81.70% ranks 2nd. The quantified relative importance indices of 
“benefits to hospital management group” is 77.75%, the respondents ranked this group 
3rd. The general perception that the essential objective of hospitals buildings is patient. 
So that, hospitals planners and designers may concentrate on patient as the key priority 
and how to facilitate healthcare work system for patient health, safety and satisfaction 
through their design. While designing for healthcare providers does not have a high 
priority as patient, it is a moderate tool to reach the objective. The situation for hospital 
management may be the same, it does not have the same priority level as patients and 
healthcare providers during planning and design phase. 
4.1.3.5. Overall benefits of ergonomics application in hospitals design 
The overall 14 benefits studied are presented in table 4.17. As shown, the top 5 
ranked benefits of ergonomics application in hospitals design in Gaza Strip are: (1) rapid 
healthcare services introducing to patients especially in emergency situation; (2) patient 
 Table (4.16): Overall RII and ranks of benefits groups of ergonomics application 
Benefits group 
Number benefits  
surveyed RII (%) Rank 
Benefits to patients 3 84.17 1 
Benefits to healthcare providers 7 81.70 2 
Benefits to healthcare facility management 5 77.75 3 




safety; (3) enhance good working conditions; (4) decrease healthcare providers stress; 
and (5) improve the performance of healthcare providers and the quality of services.  
Table (4.17):  Overall benefits surveyed to ergonomics application in planning and 
design phase, related groups, relative importance indices, and their ranks 




BE1 Enhance good working 
conditions. 
Healthcare providers 83.75 3 
BE2 Decrease healthcare providers 
stress  
Healthcare providers 83.13 4 
BE3 Reduce fatigue and pain related to 
work especially back and neck 
pain. 
Healthcare providers 73.13 14 
BE4 Improve healthcare providers 
safety by reducing injuries and 
accidents. 
Healthcare providers 83.13 7 
BE5 Reduce medical errors that 
occurred by healthcare providers 
during their work. 
Healthcare providers 78.75 9 
BE6 Rapid healthcare services 
introducing to patients especially 
in emergency situation. 
Patient 86.88 1 
BE7 Patient safety. Patient 85.00 2 
BE8 Reduce patient length of stay in 
hospital. 
Patient 80.63 8 
BE9 Increase healthcare providers 
satisfaction. 
Hospitals management 83.13 6 
BE10 Advance the organizational safety 
culture. 
Hospitals management 76.88 11 
BE11 Improve the performance of 
healthcare providers and the 
quality of services. 
Hospitals management 83.13 4 
BE12 Reduce hospitals operational cost. Hospitals management 76.25 12 
BE13 Reduce losing time during work. Hospitals management 75.00 13 
BE14 Contribute to human sustainable 
development. 




4.1.4. Strength of barriers to ergonomics application in hospitals design 
The findings and discussion of 33 barriers to ergonomics application in hospitals 
planning and design in Gaza Strip are shown in this section. The barriers were taken 
from the literature review and adapted by modifying and merging according to the 
results of pilot study as shown in chapter 3. The barriers were subjected to descriptive 
statistics and the results were presented, discussed, and compared to previous related 
studies.  
The descriptive statistics, i.e. means, standard deviations (SD), relative importance 
indices (RII), t-value (two-tailed), probabilities (P-value), and ranks are presented in 
table 4.18. The rank of barriers to ergonomics application in hospitals design was based 
on the highest mean, RII, and the lowest SD. Barriers were categorized with ratings from 
82.50% to 57.50% (Figure 4.18).  
Table (4.18): Mean, SD, RII, t-value, P-value, and rank of barriers to ergonomics 
application in hospitals design 
No. 




























BA26 The existence of hospital 
buildings that need expanding. 
4.13 0.87 82.50 4.33 0.000* 1 
BA31 The changes in hospitals design 
during tendering and construction 
without return to designers. 
4.09 0.86 81.88 4.24 0.000* 2 
BA33 Hard political and economic 
situation in Gaza Strip. 
4.09 1.00 81.88 4.15 0.000* 3 
BA24 Minimum space requirement 
dimensions versus limited areas. 
4.03 0.78 80.63 4.40 0.000* 4 
BA9 The existence of many project 
parties with different views and 
goals. 
4.03 1.00 80.63 4.03 0.000* 5 
BA5 The absence of a leader who 
responsible for ergonomics 
application. 




Table (4.18): Continued 
No. 




























BA11 The absence of a clear contractual 
requirement for ergonomics 
application. 
4.00 0.84 80.00 4.21 0.000* 7 
BA2 Lack of management adoption 
and commitment to support 
ergonomics application. 
3.94 0.84 78.75 4.16 0.000* 8 
BA13 Insufficient financial resources 
that required for ergonomics 
application. 
3.94 0.98 78.75 3.80 0.000* 9 
BA10 The difficulty in control and 
coordination between parties 
especially when a problem occurs 
due to the large project size. 
3.91 0.69 78.13 4.47 0.000* 10 
BA1 The difficulty of understanding 
ergonomics nature which 
combined engineering, 
occupational safety, physical, 
physiology and environmental 
aspects. 
3.91 0.78 78.13 4.16 0.000* 11 
BA17 Lack of ergonomics consideration 
in universities courses and 
training. 
3.88 0.71 77.50 4.37 0.000* 12 
BA28 The need of some guidance for 
developing. 
3.88 0.79 77.50 4.12 0.000* 13 
BA4 The absence of ergonomics plan 
or program for implementation. 
3.78 0.71 75.63 4.18 0.000* 14 
BA12 The weakness of administrative 
monitoring for ergonomics 
application. 
3.78 0.75 75.63 4.04 0.000* 15 
BA6 Lack of engineers motivation for 
ergonomics application. 
3.78 0.79 75.63 3.92 0.000* 16 
BA14 Lack of personal resources that 
required for ergonomics 
application. 




Table (4.18): Continued 
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BA25 The large variety of furniture, 
equipment and room sizes. 
3.72 0.89 74.38 3.41 0.000* 18 
BA20 Limit duration of hospitals 
planning and design phase. 
3.72 0.89 74.38 3.48 0.000* 19 
BA18 Designers culture and their lack 
knowledge about ergonomics 
application. 
3.72 0.92 74.38 3.37 0.000* 20 
BA22 Conflict between requirements 
and design criteria. 
3.72 1.05 74.38 3.12 0.001* 21 
BA16 The belief of ergonomics 
application needs additional 
resources that strain the project. 
3.69 0.78 73.75 3.74 0.000* 22 
BA19 Limit understanding of hospitals 
design requirements and 
standards.  
3.69 0.90 73.75 3.45 0.000* 23 
BA3 Lack of management awareness 
about ergonomics benefits. 
3.66 0.70 73.13 3.87 0.000* 24 
BA8 The concentration in functionality 
and productivity, while safety 
issues were ignoring. 
3.63 1.04 72.50 2.98 0.001* 25 
BA21 Lack of healthcare providers and 
patients participation in design 
phase. 
3.59 0.91 71.88 3.11 0.001* 26 
BA23 Conflict between ergonomics design 
criteria and flexibility. 
3.53 0.84 70.63 3.01 0.001* 27 
BA29 Lack of using hospitals design 
guidance by designers because of 
their perception that they have 
sufficient experience to do better 
than the guidance. 
3.50 1.14 70.00 2.22 0.013* 28 
BA7 Conflict between ergonomics and 
key performance indicators. 
3.38 0.87 67.50 2.23 0.013* 29 
BA32 Incompatible ergonomics design 
factor with the present norms and 
practices of hospitals design. 




Table (4.18): Continued 
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BA15 Low relative advantage of some 
ergonomics design factor versus 
resources need. 
3.31 1.03 66.25 1.59 0.056 31 
BA27 The existence of many hospitals 
design guidance and their 
differences from each other in 
design criteria. 
3.28 1.09 65.63 1.40 0.081 32 
BA30 The use of guidance may loss 
deign freedom and limit 
creativity. 
2.88 1.07 57.50 0.59 0.278 33 
All barriers 3.74 0.88 74.72 4.89 0.000* 
 
Critical value of t: at degree of freedom (df)= (N-1)= (32- 1)= 31 and significance 
probability level 0.05 equals 2.040. 
 





The findings indicated that “The existence of hospital buildings that need 
expanding” (BA26) is the strongest barrier to ergonomics application in hospitals design 
in Gaza Strip. It has been ranked as the first position with RII= 82.50% and P-value= 
0.000* according to overall respondents. This result agrees with Price and Lu (2013) that 
one of the barriers to standardized hospital spaces in Netherlands is the existence of 
hospital buildings. Hospitals need to expand may limited the required areas especially in 
Gaza Strip. As well as it may force a special spaces arrangement, where some elements 
will joint or associated with the existence ones that may violated ergonomics concept. 
Resulting in unsuitable environment work for healthcare providers. 
“Changes in hospitals design during tendering and construction without return to 
designers” (BA31), and "hard political and economic situation in Gaza Strip" (BA33) 
have the same RII of 81.88%. On the other hand, each one has a different SD 0.86, and 
1.00 respectively, which make them rank 2nd, and 3rd strongest barrier to ergonomics 
application in hospitals design in Gaza Strip. Changes in hospitals design during 
tendering and construction without return to designers was mentioned by Hignett and Lu 
(2009) as a barrier for the lack of standard hospital adoption in the United Kingdom. 
From the researcher opinion, the two barriers are interrelated. The Israeli occupation do 
not let some construction and finishing materials, and devices that may related to 
ergonomics application to enter Gaza Strip. Resulting in using other alternatives that 
have not the same characteristics. This may lead to change hospitals design without 
return to designers, who are foreign consultant organization in some cases. 
“Minimum space requirement dimensions versus limited areas” (BA24) was 
ranked as 4th strongest barrier. This outcomes are in agreement with Burns and Vicente 
(2000) whose study findings isolated this (BA24) barrier as important barrier to 
ergonomics adoption of planners and designers. Applying ergonomics in hospitals 
design required minimum available areas for healthcare providers work through these 
areas comfortably and in safety environment. During the limited areas of Gaza Strip and 
the high density of population, hospitals planners and designers may in conflicting issues 




“The existence of many project parties with different views and goals” (BA9) was 
ranked as 5th strongest barrier. This result is in agreement with Burns and Vicente (2000) 
who pointed this barrier to ergonomics application in both design and construction phase 
of nuclear power plants in Canada. In Gaza Strip, planning and design phase of hospitals 
may involved different parties which are outside donor, owner such as MOH or NGOs, 
local consultant, and foreign consultant. Each one seek to achieve their own goals and 
views. Outside donors need to implement project in its limited budget and reach their 
strategies that often related to political situation. Owners and local consultants need to 
achieve their requirements through the project whether healthcare or investment 
requirements. While foreign consultants design hospitals for different society, culture, 
norms, and environment from their surroundings. All these differences between parties 
may hinder ergonomics application. Consequently, these may create a conflicting 
situation in ergonomics adoption.  
“The absence of a leader who responsible for ergonomics application” (BA5), and 
"the absence of a clear contractual requirement for ergonomics application" (BA11) 
with the same RII of 80.00%, and slight different SD 0.76, 0.84 ranked 6th, and 7th, 
respectively. These findings agree with the findings of Hendrick (2003), Driessen et al. 
(2010), and Baumann et al. (2012), whose research studies emphasized these two 
barriers in the United States, Netherlands, and Canada, respectively. And disagree with 
So and Lam (2014) who found that the absence of a leader or ergonomist cannot hinder 
the application in Hong Kong, while they agreed with the (BA11) barrier. 
In the absence of leader who responsible for ergonomics application in planning 
and design phase, many ergonomics considerations may ignored and deleted by 
hospitals planners and designers, as a result from the absence of following up. Such 
leader is a reference person who can address problems related to ergonomics when 
occurred especially in large projects. Clear contractual ergonomics requirements force 
healthcare planners and designers to apply ergonomics design factors in their design. If 




planners and designers may produced a traditional solution with low ergonomics 
consideration, despite the degree of their ergonomics adoption. 
“Conflict between ergonomics and key performance indicators” (BA7) with an RII 
of 67.50% occupied the 29th overall. The situation on Hong Kong is in contrast, So and 
Lam (2014) found that the conflict between ergonomics and key performance indicators 
is a major barrier to ergonomics application. Finding design solutions with ergonomics 
consideration may required more time for planning and design phase, where planners 
and designers need to search and return to the related references and guidance. As well 
as the implementation of these solution required money. In Gaza Strip, the risk of 
becoming over planned duration is exist, because of the unstable situation. So that 
project management try to implement project activities in short time as possible. 
Furthermore, the dependency of other countries and external funds for the 
implementation that may faced some problems in transferring process, resulting in stop 
temporary. All of that can create a conflicting situation.   
On the other hand, “incompatible ergonomics design factor with the present norms 
and practices of hospitals design” has P- value 0.033, and t-value 1.83, which are lower 
than the critical value of t 2.040. In addition, "low relative advantage of some 
ergonomics design factor versus resources need" (BA15), "the existence of many 
hospitals design guidance and their differences from each other in design criteria" 
(BA27), and "the use of guidance may loss deign freedom and limit creativity" (BA30) 
have P-value of 0.056, 0.081, and 0.278 respectively, which are higher than the level of 
significance 0.05. Furthermore, the barriers have t-value of 1.59, 1.40, and 0.54, which 
are lower than the critical value of t 2.040. So that, the four barriers means are 
statistically insignificant differences. As mentioned previously that many hospitals 
planners and designers their contribution in the planning and design phase just in 
coordination and reviewing hospitals design that prepared by foreign consultants. 
Consequently, their knowledge about available guidance, and their dealing with 
guidance are low, so that they could not give a definite opinion about these barriers. In 




guidance may loss deign freedom and limit creativity as an important barrier for 
standardized hospitals adoption. Which is a main factor for applying ergonomics. 
Regarding results for all barriers, they show that the mean for all those barriers 
equals 3.74, and the total RII equals 74.72%, which is greater than the neutral value of 
RII 60%. The value of t test equals 4.89 that is greater than the critical value of t that 
equals 2.040. As well as, the total p-value of the all barriers equals 0.000* and it is less 
than the significance level 0.05. Based on the results, barriers to ergonomics application 
are affecting ergonomics application in hospitals design in Gaza Strip.  
4.2. Healthcare providers questionnaire 
The objective from this questionnaire was to evaluate ergonomics application in 
the existence Gaza hospitals according to healthcare providers perception. The 
questionnaire was designed and directed to doctors and nurses worked in Gaza city 
hospitals. Fifteen hospitals supervised by MOH, NGOs, and MOI were targeted in this 
questionnaire.  All hospitals allowed to their doctors and nurses to fill full the 
questionnaire except the specialist eyes hospital. A total of 392 completed copies had 
been returned representing a valid response rate of 94.5%. Data were analyzed 
quantitatively using SPSS version 20. In this section, the results are presented, 
discussed, and compared to previous related studies. 
4.2.1. General information 
The part of general information in healthcare providers questionnaire included 
information about 14 hospitals surveyed in Gaza city, and personal characteristics of the 









Table (4.19): General information of healthcare providers questionnaire 
































 Hospital name 
 
El- Shifa Complex Hospital  153 39.03 
El- Naser Hospital 37 09.44 
El- Rantisi Hospital 28 07.14 
Al- Quds Hospital 27 06.89 
Dura Hospital 24 06.12 
Eyes Hospital 19 04.84 
Patient's friends Hospital 18 04.59 
Ahli arab Hospital 17 04.33 
Psychiatric Hospital 15 03.83 
El- Wafa Hospital 15 03.83 
Jordanian Field Hospital 11 02.81 
Public aid Hospital 10 02.55 
El- Sahaba complex Hospital 9 02.30 
Heart and Blood Vessels Hospital 9 02.30 
 Hospital type General hospital 227 57.90 
Specialist hospital 165 42.10 
 Supervision agency Ministry of Health 276 70.41 
NGOs 105 26.79 
Ministry of Interior 11 02.80 












20 years and more 258 65.82 
10- less than 20 years 70 17.86 
5- less than 10 years 40 10.20 








Respondents educational level Bachelor 195 49.74 
Diploma 84 21.43 
Master 66 16.84 




Table (4.19): Continued 
































 Position of respondent Nurse 230 59.00 
Doctor 162 41.00 
Years of experience of the 
respondent 
15 years and more 126 32.14 
Less than 5 years 109 27.81 
10- less than 15 years 81 20.66 
5- less than 10 years 76 19.39 
Age of respondent 25- less than 35 years 137 34.95 
35- less than 45 years 114 29.08 
45 years and more 96 24.49 
Less than 25 years 45 11.48 
 
The respondents from El- Shifa Hospital formed 39.03% from all respondents, 
which is the major hospital in Gaza. It followed by El- Naser Hospital with 9.44%; El- 
Rantisi Hospital with 7.14%; Al- Qus Hospital with 6.89%; and Dura Hospital with 
6.12%. While the percentage of the respondents El- Sahaba complex Hospital, and Heart 
and Blood Vessels Hospital were low with 2.30% for each one. Furthermore, 57.90% of 
the respondents worked in general hospitals, where as 42.10% worked in specialist 
hospital. Among the respondents, a large majority worked in hospitals supervised by 
MOH, with 70.41%. While the rest of respondents worked in hospitals supervised by 
NGOs, and MOI with 26.79% and 2.80%, respectively. For the item about hospital age, 
the results highlighted that 65.82% of the respondents worked in hospitals constructed 
since 20 years and more. While 17.86%, 10.20%, and 6.12% from the respondents 
worked in hospitals constructed since 10 to less than 20 years, 5 to less than 10 years, 




For respondents characteristics, the educational level was asked, there were 195 
respondents had bachelor degree (49.74%), 84 respondents had diploma (41.43%), 66 
had master degree (16.84%), and 47 respondents had doctorate degree (11.99%). With 
respect to the position of respondents there were 230 nurses (59%), and 162 doctors 
(41%). The experience of the respondents was varied, 32.14% of the surveyed 
respondents had 15 years and more of experience, while 27.81% had less than 5 years of 
experience. The experience for the others were 10 to less than 15 years with 20.66%, 
and 5- less than 10 years with 19.39%. The age of respondents was the last item in 
general information part, the results presented that the age of 34.95% from respondents 
were 25 to less than 35 years, 29.08% were 35 to less than 45 years, 24.49% were 45 
years and more, and 11.48% were less than 25 years.  
4.2.2. Evaluation of ergonomics application in the existence hospitals  
Ergonomics application in the existence hospitals was evaluated by respondents 
through two questions, one of them was about healthcare providers participation in 
determining the hospitals design requirements, and the other question was about the 
difficulties faced by healthcare providers in working through hospital spaces. Then the 
respondents were asked to specify the extent of their agreement on the 36 paragraphs/ 
items related to ergonomics design factors application. 
4.2.2.1. Healthcare providers participation in determining the hospitals design 
requirements 
The 392 respondents were asked about if they were participated in determining the 
design requirements of hospital spaces. Figure 4.19 shows that 89% (349) of the 
respondents were not participated in hospitals design through determining the 
requirements of their work space. On the other hand, 11% (43) of respondents were 
participated in requirements determination. The researcher returning to the respondents 
who agree with this question, in order to give more explanation about the participation 
nature. They stated that the participation was limited in determining spaces problems 
that were encountered during their work, and the determining requirements in 




situation in Gaza Strip, where the design of some new hospitals and new buildings for 
complex hospitals expanding were conducted by foreign consultants organizations. 
While the role of hospitals planners and designers limited in reviewing the design and 
made some modification. So that, hospitals planners and designers gave a neutral result 
about the application of users healthcare providers participation in design phase.   
 
Figure (4.19): Percentage of healthcare providers participation in determining the 
hospitals design requirements 
4.2.2.2. Difficulties in working through hospitals spaces 
The 392 respondents were asked about if they faced difficulties to work in some 
spaces because of the physical and environmental characteristics such as size, shape, 
lighting, etc. Figure 4.20 illustrates that 60% (234) of the respondents sometimes 
encountered difficulties during their work through some hospital spaces, and 30% (120) 
of the respondents answered with "yes". This result is in agreement with findings of Isa 
et al. (2011), Tziaferi et al. (2011), Mahmood et al. (2011), Mahmood et al. (2012), 
Mourshed and Zhao (2012), and Coluci and Alexandre (2014), whose research studies 
highlighted difficulties faced by healthcare providers during their work as a result of 
defects in some ergonomics design factors in Malaysia, Greek, United States, Canada, 






 Figure (4.20): Percentage of healthcare providers who faced difficulties in working 
through hospitals spaces 
4.2.2.3. Evaluation of physical ergonomics design factors group  
In healthcare providers questionnaire, the application of physical ergonomics 
design factors group was evaluated and divided into five sub-groups as follows: 10, 
under the "spatial factors sub-group"; 6 statements under the "circulation factors sub-
group"; 6 statements under the "interior design factors sub-group"; 5 statements under 
the "infection control factors sub-group"; and 3 statements under the "exterior design 
factors sub-group".  
Evaluation of spatial factors sub-group  
Spatial factors sub-group consists of 10 physical ergonomics design factors. The 
descriptive statistics related to these factors i.e. mean, SD, RII, t-value (two-tailed), P-
value, and the rank regarding to respondents opinion about their agreement on the 
statements related to the ten spatial factors, are shown in table 4.20. Statements were 







Table (4.20): Mean, SD, RII, t-value, P-value, and rank of spatial factors sub-group 
statements 




























FH4 The heights of spaces ceilings 
are suitable. 
3.81 0.90 76.18 14.00 0.000* 1 
FH1 Spaces location, arrangement, 
and orientation are suitable for 
functionality. 
3.48 1.00 69.69 8.40 0.000* 2 
FH5 The dimensions and directions 
of doors and windows 
openings are suitable. 
3.41 1.05 68.14 7.30 0.000* 3 
FH8 The existence electrical system 
is secure.  
3.28 0.98 65.65 6.30 0.000* 4 
FH3 Spaces dimensions and areas 
are sufficient. 
3.18 1.03 63.60 3.30 0.001* 5 
FH2 Spaces shapes and layouts are 
suitable to provide smooth 
working. 
3.16 1.05 63.18 3.30 0.001* 6 
FH9 The existence fire-fighting 
system is effective. 
3.13 1.02 62.55 3.20 0.001* 7 
FH10 The existence distribution of 
structural elements in spaces is 
suitable.  
3.12 1.02 62.37 2.70 0.003* 8 
FH7 The privacy is achieved in 
healthcare providers units. 
2.84 1.18 56.85 -1.90 0.030* 9 
FH6 The areas of spaces for 
healthcare providers rest are 
sufficient. 
2.56 1.16 51.24 -6.40 0.000* 10 
  All statements 3.20 1.04 63.95 4.02 0.003*  
Critical value of t: at degree of freedom (df)= (N-1)= (392- 1)= 391 and significance 





Figure (4.21): RII of statements (FH1 to FH10) used to evaluate spatial factors 
application in the existence hospitals in Gaza 
With an RII of 76.18%, the surveyed healthcare providers from doctors and nurses 
agreed that "the heights of spaces ceilings are suitable" (FH4), and ranked 1st in the 
spatial factors sub-group, among all physical ergonomics factors, and overall. "Spaces 
location, arrangement, and orientation are suitable for functionality" (FH1) is agreed by 
the respondents, with an RII of 69.69%, ranks 2nd in this sub-group, among all physical 
ergonomics factors, and overall. This outcome agrees with the findings of Mahmood et 
al. (2011), who found that spaces location and orientation is helpful for healthcare 
providers work in the United States hospitals. Table 4.20 shows that the mean of (FH1) 
is 3.48. This result is in line with the results obtained by Mourshed and Zhao (2012), 
whose research study assesses the perception of healthcare providers about the 
importance of the physical and environmental design factors in Chinese hospitals 
through a questionnaire survey. The results highlighted that the mean of the location and 
orientation of the space factor was 3.85.  
Ranks 3rd in this sub-group, among all physical ergonomics factors, and overall, 




windows openings are suitable" (FH5) that is agreed by the surveyed healthcare 
providers. This outcome is in agreement with Mahmood et al. (2011), who illustrated 
that spaces arrangement in the United States hospitals is helpful for healthcare providers. 
Furthermore, it agrees with Liu et al. (2014), whose research study emphasized spaces 
arrangement as a significant factor for better medication communication from healthcare 
providers perception in Australia.  
"The existence electrical system is secure" (FH8), with an RII of 65.65%, ranks 4th 
in this sub-group, 5th among all physical ergonomics factors, and overall, is agreed by 
the surveyed healthcare providers. "Spaces dimensions and areas are sufficient" (FH3) 
is agreed by the respondents, with an RII of 63.60%, and ranks 5th in this sub-group, 10th 
among all physical ergonomics factors, and 13th overall. This result agrees with the 
findings of Morelli (2007), Chaudhury et al. (2009), and Saucier et al. (2010) in the 
United States, and Mahmood et al. (2012) in Canada, whose research studies determined 
this factor as important for the enhancement of healthcare providers performance. In the 
other hand, this result disagrees with Mahmood et al. (2011), whose works found that 
the United States hospitals have problems with dimensions and areas of spaces.      
In the other hand, with an RII of 56.85%, and 51.24%, and test value with negative 
sign -1.9, and -6.4, respectively, the surveyed healthcare providers disagreed both "the 
privacy is achieved in healthcare providers units" (FH7), and "the areas of spaces for 
healthcare providers rest are sufficient" (FH6). They ranked 9th, and 10th in this sub-
group, 25th, and 26th among all physical ergonomics factors, 29th, and 30th overall. The 
result related to healthcare providers privacy is in agreement with Mahmood et al. 
(2011), whose research study assess the problematic and helpful the physical and 
environmental design factors in nursing units in four hospitals in the United States. The 
results from their study revealed that 26.50% from the respondents (83 nurses) had some 
problems in the privacy of their nursing stations, and 38.60% had problems in the 
privacy of their nursing stations.  
Healthcare providers units in Gaza Strip diverse from open, semi-close, and close. 




small space. This finding is most probably related to the limited areas that are allocated 
for hospitals in Gaza Strip. Thus, healthcare project management, planners and designers 
needed to exploit the available areas for achieving clinical functions and patients 
concentration rather than providing much areas for healthcare providers. Through 
researcher observation during questionnaire distribution, spaces for healthcare providers 
rest are diverse from closed and isolation spaces as Eyes hospital, and mixed spaces with 
other hospital spaces as El-dura hospital, Patient's friends, and Public aid hospital.  
Regarding results for the agreement of all the statements related to spatial factors 
sub-group, they show that the mean for all those factors equals 3.20, and the total RII 
equals 63.95%, which is greater than the neutral value of RII 60%. The value of t-test 
equals 4.02 that is greater than the critical value of t that equals 1.968. As well as, the 
total p-value of the all factors equals 0.003* and it is less than the significance level 
0.05. Based on the results, the surveyed healthcare providers agreed with the application 
of spatial factors sub- group, but the agreement is not high. 
Evaluation of circulation factors sub-group  
Circulation factors sub-group consists of 6 physical ergonomics design factors. 
The descriptive statistics related to these factors i.e. mean, SD, RII, t-value (two-tailed), 
P-value, and the rank regarding to respondents opinion about their agreement on the 
statements related to the six circulation factors, are shown in table 4.21. Statements were 
categorized with rating from 62.90% to 60.10% (Figure 4.22). 
Table (4.21): Mean, SD, RII, t-value, P-value, and rank of circulation factors sub-group 
statements 





























FH11 Healthcare providers are 
walking short distances during 
their work. 
3.15 1.09 62.90 3.50 0.000* 1 
FH12 Hospital corridors have appropriate 
dimensions that facilitate 
movement and reduce congestion. 




Table (4.21): Continued 





























FH13 The areas and numbers of stairs 
and elevators are suitable for 
movement intensity. 
3.07 1.11 61.44 2.00 0.023* 3 
FH15 The existence ramps number 
and slopes are suitable. 
3.07 1.09 61.39 2.00 0.022* 4 
FH16 The existence wayfinding are 
familiar and facilitate 
movement. 
3.03 1.08 60.67 1.30 0.095 5 
FH14 The existence entrances and 
exits of healthcare providers, 
especially in emergency 
situations can facilitate the 
work. 
3.01 1.12 60.10 0.80 0.206 6 
  All statements 3.08 1.10 61.56 1.98 .014*  
Critical value of t: at degree of freedom (df)= (N-1)= (392- 1)= 391 and significance 
probability level 0.05 equals 1.968 
 
Figure (4.22): RII of statements (FH11 to FH16) used to evaluate circulation factors 




Through the surveyed circulation factors, with an RII of 62.90%, the respondents 
agreed that "healthcare providers are walking short distances during their work" 
(FH11), and ranked 1st in this sub-group, 12th among all physical ergonomics factors, 
and 15th overall. The importance of this factor was investigated by Morelli (2007), and 
Rechel et al. (2009) in the United States, and the United Kingdom, respectively. This 
outcome is in disagreement with Mahmood et al. (2011), who found a problematic 
walking distances in the United States hospitals.  
This result is attributed to the limited areas allocated for the most of Gaza Strip 
hospitals in comparison with hospitals in other countries, resulting in near hospital 
spaces from each others. In addition to the existence of elevators which facilitate the 
movement between spaces and reduce traveled distance between spaces. Furthermore, 
healthcare providers are depending on patient family for transfer patient among different 
spaces, such as outpatients, reception and emergency department, wards, laboratories, 
and X-ray rooms, so that the work of healthcare providers concentrate on one area and 
reduce walking distance.   
"Hospital corridors have appropriate dimensions that facilitate movement and 
reduce congestion" (FH12) is agreed by the respondents, with an RII of 62.87%, and 
ranks 2nd  in this sub-group, 13th among all physical ergonomics factors, and 16th overall. 
This outcome was confirmed by Abu Samah et al. (2013) in Malaysia. 
"The existence ramps number and slopes are suitable" (FH15) is agreed by the 
respondents, with an RII of 61.39%, and ranks 4th in this sub-group, 19th among all 
physical ergonomics factors, and 22nd overall, with t-value 2.00 that is near to the critical 
value of t that equals 1.968. For ramps, the researcher observed that many hospitals have 
not ramps, and what exist in others are not suitable regarding to their slops and 
dimensions for disable people and patient beds movement as a result from the limited 
areas. Hospitals receive critical cases from patients in the ground floor that is not high 





The means of "the existence wayfinding are familiar and facilitate movement" 
(FH16), and "the existence entrances and exits of healthcare providers, especially in 
emergency situations can facilitate the work" (FH14) equal 3.03, and 3.01 with RII of 
60.67%, and 60.10%, test-value equal 1.3, and 0.8 that is lower than the critical value of 
t that equals 1.968. The P-value equal 0.095, and 0.206, respectively, which are greater 
than the level of significance 0.05. So that, the two statements means are statistically 
insignificant differences, and indicate that the surveyed healthcare providers have 
neutral opinion to these statements. From the researcher observation during 
questionnaire distribution, the wayfindings in Gaza hospitals are ranged from the simple 
presence through a small banner that contain the space name at the entrance, to the 
presence of large banner in the main entrance of the hospital contains spaces distribution 
among floors, in addition to the narrows and spaces name. The entrances and exists for 
healthcare providers are the same for patients and their families, some of healthcare 
providers may found difficulties especially in the emergency situation to move through 
them and reach the objective spaces, while others may not have such difficulties.  
Regarding results for the agreement of all the statements related to circulation 
factors sub-group, they show that the mean for all those factors equals 3.08, and the total 
RII equals 61.56%, which is greater than the neutral value of RII 60%. The value of t-
test equals 1.98 that is near to the critical value of t that equals 1.968. As well as, the 
total p-value of the all factors equals 0.014* and it is less than the significance level 
0.05. Based on the results, the surveyed healthcare providers agreed with the application 
of circulation factors sub- group, but the agreement is not high. 
Evaluation of interior design factors sub-group  
Interior design factors sub-group consists of 6 physical ergonomics design factors. 
The descriptive statistics related to these factors i.e. mean, SD, RII, t-value (two-tailed), 
P-value, and the rank regarding to respondents opinion about their agreement on the 
statements related to the six interior design factors, are shown in table 4.22. Statements 




Table (4.22): Mean, SD, RII, t-value, P-value, and rank of interior design factors sub-
group statements 
NO. 





























FH19 The color of spaces is suitable 
for its function. 
3.26 1.01 65.20 6.30 0.000* 1 
FH20 The finishing materials of 
spaces is suitable for their 
functions. 
3.21 1.10 64.19 4.30 0.000* 2 
FH18 The furniture and devices 
arrangement are suitable for 
smooth working. 
3.09 1.04 61.75 2.30 0.010* 3 
FH17 Ergonomics furniture is 
available. 
2.89 1.10 57.87 -1.00 0.152 4 
FH22 Areas for art pieces are 
available in the hospital 
spaces. 
2.48 1.12 49.51 -7.80 0.000* 5 
FH21 Natural elements are available 
in the hospital spaces. 
2.45 1.17 49.00 -8.10 0.000* 6 
  All statements 2.90 1.09 57.92 -1.99 0.025*  
Critical value of t: at degree of freedom (df)= (N-1)= (392- 1)= 391 and significance 





Figure (4.23): RII of statements (FH17 to FH22) used to evaluate interior design factors 
application in the existence hospitals in Gaza 
With an RII of 65.20%, the surveyed healthcare providers agreed that "the color of 
spaces is suitable for its function" (FH19), and ranked 1st in the interior design factors 
sub-group, 6th among all physical ergonomics factors, and 7th overall. This result is in 
agreement with Chaudhury et al. (2009), Mourshed and Zhao (2012), and Abu Samah et 
al.(2013), whose research studies highlighted the importance of color for healthcare 
providers performance in the United States, China, and Malaysia, respectively. In the 
other hand, this result disagrees with Ghazali and Abbas (2012), who found the majority 
of healthcare providers in Malaysia were dissatisfied about color. This finding is most 
probably related to the use of light and cool colors in the finishing of Gaza hospitals 
spaces, that are familiar to healthcare providers. Using such colors can positively 
affected the physiological dimension and performance of healthcare providers. Gaza 
hospitals spaces may far from the decoration mixing colors, where healthcare planners 
and designers concentrate on functions rather than aspects that related to interior design 
and decoration.      
"The finishing materials of spaces is suitable for their functions" (FH20) is agreed 




physical ergonomics factors, and 10th overall. This outcome was supported by Abu 
Samah et al. (2013). This result may attributed to the increase number of hospitals 
restoration and rehabilitation projects in the Gaza Strip, especially after exposure to 
Israeli wars since 2008. Which reinforced the importance of the role of hospitals in wars 
situations. Such healthcare projects improve the quality of finishing materials, and 
change the inappropriate ones.  
Ranks 3rd in this sub-group, 17th among all physical ergonomics factors, and 20th 
overall, with an RII of 61.75%, are assigned to "the furniture and devices arrangement 
are suitable for smooth working" (FH18) that is agreed by the surveyed healthcare 
providers. This finding agrees with the findings of Abu Samah et al. (2013), while 
disagrees with Ghazali and Abbas (2012), whose research studies revealed furniture 
arrangement problematic in Malaysia hospitals. In the United States, Mahmood et al. 
(2011) assessed the problematic and helpful the physical and environmental design 
factors in nursing units in four hospitals through a questionnaire survey. The findings 
revealed that 42.70% from the respondents had neutral opinion about the furniture and 
devices arrangement. 
Hospitals in Gaza Strip have lack medical development in comparison with the 
United States and Malaysian hospitals. Therefore, what is available from furniture and 
medical devices in these hospitals are not complex and familiar in their arrangement for 
both healthcare planners and designers, and healthcare providers. As a result from the 
existence of some hospitals since long years that is more than 50 years, the arrangement 
of furniture and medical devices within spaces may be changed by healthcare providers 
through practical experiences. 
The mean of "ergonomics furniture is available" (FH17) equals 2.89, with an RII 
of 57.87%, t-value equals -1.00 that is greater than the critical value of t that equals -
1.968. As well as, P-value equals 0.152 which is greater than the level of significance 
0.05, then the statement is statistically insignificant differences, and the surveyed 
healthcare providers have neutral opinion to this statement. In the United States, 




hospitals. As well as, Mehta et al. (2011), and Abu Samah et al. (2013) emphasized the 
importance of this factor for healthcare providers health, safety, and performance. In 
Gaza Strip, ergonomics furniture may be exist in hospitals, but some of them have 
defects and need for maintenance or destroyed and provide another furniture.  
In the other hand, with an RII of 49.51%, and 49.00%, and t-value with negative 
sign -7.8, and -8.1, respectively, the surveyed healthcare providers disagreed both "areas 
for art pieces are available in the hospital spaces" (FH22), and "natural elements are 
available in the hospital spaces" (FH21). They ranked 5th, and 6th in this sub-group, 27th, 
and 29th among all physical ergonomics factors, 31st, and 33rd overall. These outcomes 
are in disagreement with the findings reported by Mourshed and Zhao (2012), and 
Ghazali and Abbas (2012), in China, and Malaysia, respectively, whose research study 
emphasized the importance of such factors. The culture of healthcare planners and 
designers in Gaza Strip do not support provide the aesthetics and natural aspects in 
hospitals. As shown previously in this research healthcare planners and designers give 
RII of 58.13%, and 67.50% for these two factors, respectively, regarding to their 
importance. 
Regarding results for the agreement of all the statements related to interior design 
factors sub-group, they show that the mean for all those factors equals 2.90, and the total 
RII equals 57.92%, which is lower than the neutral value of RII 60%. The value of t-test 
equals -1.99 that is lower than the critical value of t that equals -1.968. As well as, the 
total p-value of the all factors equals 0.025* and it is less than the significance level 
0.05. Based on the results, the surveyed healthcare providers disagreed with interior 
design factors sub- group. As mentioned previously, healthcare planners and designers 
concentrate on functions in hospitals design rather than interior design factors. This 
result may related to the limited budget of healthcare projects, that imposed planners and 
designers to focus on the essential role of hospitals. Especially, there are some hospitals 
constructed before many years ago that up to 20 years, which is given the most priority 





Evaluation of infection control factors sub-group  
Infection control factors sub-group consists of 5 physical ergonomics design 
factors. The descriptive statistics related to these factors i.e. mean, SD, RII, t-value (two-
tailed), P-value, and the rank regarding to respondents opinion about their agreement on 
the statements related to the five infection control factors, are shown in table 4.23. 
Statements were categorized with rating from 67.05% to 60.31% (Figure 4.24). 
Table (4.23): Mean, SD, RII, t-value, P-value, and rank of infection control factors sub-
group statements 
NO. 




























FH23 Critical areas are separate from 
general traffic and air 
movements. 
3.35 1.12 67.05 7.00 0.000* 1 
FH24 Isolation of infection cases 
wards are existence in the 
hospital. 
3.23 1.17 64.56 4.90 0.000* 2 
FH25 Outpatients, inpatients wards 
and diagnostic services areas 
are separate according 
functionality. 
3.18 1.16 63.67 4.00 0.000* 3 
FH27 The work of cleanliness and 
maintenance is easy in the 
hospital. 
3.14 1.11 62.81 3.20 0.001* 4 
FH26 Wash hand within patient care 
areas and nurse stations are 
sufficient. 
3.02 1.12 60.31 0.80 0.202 5 
  All statements 3.18 1.14 63.68 5.50 0.000*  
Critical value of t: at degree of freedom (df)= (N-1)= (392- 1)= 391 and significance 





Figure (4.24): RII of statements (FH23 to FH27) used to evaluate interior infection 
control factors application in the existence hospitals in Gaza 
"Critical areas are separate from general traffic and air movements" (FH23) is 
agreed by the respondents, with an RII of 67.05%, ranks 1st in this sub-group, 4th among 
both all physical ergonomics factors, and overall. This result was supported by Rao 
(2004). Ranks 4th in this sub-group, 14th among all physical ergonomics factors, and 17th 
overall, with an RII of 62.81%, are assigned to "the work of cleanliness and 
maintenance is easy in the hospital" that is agreed by the surveyed healthcare providers. 
This finding agrees with the findings of Mourshed and Zhao (2012), whose research 
study ranked this factor 1st among all physical environment design factors according to 
its importance in Chinese hospitals.  
The mean of "wash hand within patient care areas and nurse stations are 
sufficient" (FH26) equals 3.02, with RII of 60.31%, test-value equal 0.80 that is lower 
than the critical value of t that equals 1.968, and P-value equal 0.205 which is greater 
than the level of significance 0.05. So that, the statement mean is statistically 
insignificant differences, and indicate that the surveyed healthcare providers have 




With an RII of 60.31%, the surveyed healthcare providers agreed that "wash hand 
within patient care areas and nurse stations are sufficient" (FH26), and ranked 5th in the 
infection control factors sub-group, 21st among all physical ergonomics factors, and 24th 
overall. This result is in agreement with Rao (2004), Mahmood et al. (2011), and 
Mourshed and Zhao (2012). 
According to table 4.?, all infection control factors have closed RII. The factors 
under this group are essential factors in hospitals concept and objectives that provide 
healthcare services for many infectious cases. "The work of cleanliness and maintenance 
is easy in the hospital", and "wash hand within patient care areas and nurse stations are 
sufficient" factors are ranked in the last two position in this group. The first one may be 
linked to the period which witnessed intermittent strikes of hospitals cleaners during 
questionnaires distribution period. While the last one may related to the extent of space 
need for such factor according to its function such as operation threaten.  
Regarding results for the agreement of all the statements related to infection 
control factors sub-group, they show that the mean for all those factors equals 3.18, and 
the total RII equals 63.68%, which is greater than the neutral value of RII 60%. The 
value of t-test equals 5.50 that is greater than the critical value of t that equals 1.968. As 
well as, the total p-value of the all factors equals 0.000* and it is less than the 
significance level 0.05. Based on the results, the surveyed healthcare providers agreed 
with the application of infection control factors sub- group, but the agreement is not 
high. 
Evaluation of exterior design factors sub-group  
Exterior design factors sub-group consists of 3 physical ergonomics design factors. 
The descriptive statistics related to these factors i.e. mean, SD, RII, t-value (two-tailed), 
P-value, and the rank regarding to respondents opinion about their agreement on the 
statements related to the five infection control factors, are shown in table 4.24. 





Table (4.24): Mean, SD, RII, t-value, P-value, and rank of exterior design factors sub-
group statements 
NO. 





























FH28 Healthcare providers can 
transfer from one healthcare 
building to anther during 
external movement paths that 
around the building. 
2.98 1.19 59.59 -1.00 0.149 1 
FH30 The existence parking for 
ambulances and healthcare 
providers cars are sufficient 
from its numbers and areas. 
2.46 1.17 49.18 -7.10 0.000* 2 
FH29 There is an external open 
space for healthcare 
providers. 
2.09 1.02 41.79 -13.10 0.000* 3 
  All statements 2.51 0.92 50.19 -8.10 0.000*  
Critical value of t: at degree of freedom (df)= (N-1)= (392- 1)= 391 and significance 
probability level 0.05 equals 1.968 
 
Figure (4.25): RII of statements (FH28 to FH30) used to evaluate exterior design factors 




The mean of "healthcare providers can transfer from one healthcare building to 
anther during external movement paths that around the building" (FH28) equals 2.98, 
with an RII of 59.59%, t-value equals -1.00 which is greater than the critical value of t 
that equals -1.968 , and P-value equals 0.149 which is greater than the level of 
significance 0.05, then the statement is statistically insignificant differences, and the 
surveyed healthcare providers have neutral opinion to this statement. With an RII of 
49.18, and t-value with negative sign -7.1, the surveyed healthcare providers disagreed 
"the existence parking for ambulances and healthcare providers cars are sufficient from 
its numbers and areas" (FH30), and ranks 2nd in this sub-group, 28th among all physical 
ergonomics factors, and 32nd overall. 
With an RII of 41.79, and t-value with negative sign -13.1, the surveyed healthcare 
providers disagreed "there is an external open space for healthcare providers" (FH29), 
and ranks 3rd in this sub-group, 30th among all physical ergonomics factors, and 34th 
overall. This result is in agreement with Ghazali and Abbas (2012), whose research 
study found that healthcare providers were dissatisfied with this factor. In contrast, this 
result disagrees with Bengtsson and Grahn (2014), who reported the importance of such 
spaces for healthcare providers rest. 
Regarding results for the agreement of all the statements related to exterior design 
factors sub-group, they show that the mean for all those factors equals 2.51, and the total 
RII equals 50.19%, which is lower than the neutral value of RII 60%. The value of t-test 
with negative sign equals -8.10 that is lower than the critical value of t that equals -
1.968. As well as, the total p-value of the all factors equals 0.000* and it is less than the 
significance level 0.05. Based on the results, the surveyed healthcare providers disagreed 
with the application of exterior design factors sub- group.  
These findings are attributed to the limited areas that allocated for hospitals 
construction from the beginning of healthcare projects, versus the different design 
requirements related to dimensions and areas of spaces, and the need for increasing the 
number of patients beds. Therefore, healthcare planners and designers try to meet these 




design, planners and designers give the most priority for other design factors related to 
movement and accessibility of patients, healthcare providers, cars, and ambulances, 
which concluded from this research results relating to the importance and application for 
these factors from the perspective of healthcare planners and designers. In addition, 
planners and designers may depend on the external road network in order to provide 
paths and parking for hospitals, resulting in overcrowded situation around hospitals. 
Overall physical ergonomics design factors sub-groups application in Gaza hospitals 
from the perspective of healthcare providers 
Table 4.25, on the other hand, shows the overall ranking of 5 physical ergonomics 
design factors sub-groups, according to the agreement of healthcare providers about 
their actual application. 
Table (4.25): Overall average relative importance indices and ranks of physical 
ergonomics design factors sub-groups application Gaza hospitals from the perspective 














Spatial factors 10 63.95 1 
Infection control factors 5 63.68 2 
Circulation factors 6 61.56 3 
Interior design factors 6 57.92 4 
Exterior design factors 3 50.19 5 
 
"Spatial factors sub-group", and "infection control factors sub-group" have closed 
RII 63.95%, and 63.68%, ranked 1st and the 2nd physical ergonomics design factors 
application in the existence hospitals in Gaza, respectively. "Circulation factors sub-
group" ranks 3rd within an average RII of 61.56%. The quantified relative importance 
indices of "interior design factors sub-group", and "exterior design factors sub-group", 




Overall physical ergonomics design factors application in Gaza hospitals from the 
perspective of healthcare providers 
The overall 30 physical ergonomics design factors studied are presented in table 
4.26. As shown, the top 10 ranked physical ergonomics design factors application in 
Gaza hospitals from the perspective of healthcare providers are: (1) the heights of spaces 
ceilings; (2) spaces location and orientation; (3) the dimensions and directions of doors 
and windows openings; (4) critical areas are separate from general traffic and air 
movements; (5) the existence electrical system is secure; (6) the color of spaces is 
suitable for its function; (7) isolation of infection cases wards; (8) the finishing materials 
of spaces is suitable for their functions; (9) outpatients, inpatients wards and diagnostic 
services areas are separate according functionality; and (10) Spaces dimensions and 
areas are sufficient.  
Table (4.26): Overall physical ergonomics design factors application in Gaza hospitals 
from the perspective of healthcare providers, related sub-groups, relative importance 
indices, and their ranks 











FH4 The heights of spaces ceilings are 
suitable. 
Spatial factors 76.18 1 
FH1 Spaces location, arrangement, and 
orientation are suitable for 
functionality. 
Spatial factors 69.69 2 
FH5 The dimensions and directions of 
doors and windows openings are 
suitable. 
Spatial factors 68.14 3 
FH23 Critical areas are separate from 




FH8 The existence electrical system is 
secure.  
Spatial factors 65.65 5 
FH19 The color of spaces is suitable for its 
function. 
Interior design factors 65.20 6 
FH24 Isolation of infection cases wards are 







Table (4.26): Continued 











FH20 The finishing materials of spaces is 
suitable for their functions. 
Interior design factors 64.19 8 
FH25 Outpatients, inpatients wards and 





FH3 Spaces dimensions and areas are 
sufficient. 
Spatial factors 63.60 10 
FH2 Spaces shapes and layouts are suitable 
to provide smooth working. 
Spatial factors 63.18 11 
FH11 Healthcare providers are walking 
short distances during their work. 
Circulation factors 62.90 12 
FH12 Hospital corridors have appropriate 
dimensions that facilitate movement 
and reduce congestion. 
Circulation factors 62.87 13 
FH27 The work of cleanliness and 




FH9 The existence fire-fighting system is 
effective. 
Spatial factors 62.55 15 
FH10 The existence distribution of 
structural elements in spaces is 
suitable.  
Spatial factors 62.37 16 
FH18 The furniture and devices 
arrangement are suitable for smooth 
working. 
Interior design factors 61.75 17 
FH13 The areas and numbers of stairs and 
elevators are suitable for movement 
intensity. 
Circulation factors 61.44 18 
FH15 The existence ramps number and 
slopes are suitable. 
Circulation factors 61.39 19 
FH16 The existence wayfinding are familiar 
and facilitate movement. 
Circulation factors 60.67 20 
FH26 Wash hand within patient care areas 
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FH14 The existence entrances and exits of 
healthcare providers, especially in 
emergency situations can facilitate the 
work. 
Circulation factors 60.10 22 
FH28 Healthcare providers can transfer 
from one healthcare building to anther 
during external movement paths that 
around the building. 
Exterior design factors 59.59 23 
FH17 Ergonomics furniture is available. Interior design factors 57.87 24 
FH7 The privacy is achieved in healthcare 
providers units. 
Spatial factors 56.85 25 
FH6 The areas of spaces for healthcare 
providers rest are sufficient. 
Spatial factors 51.24 26 
FH22 Areas for art pieces are available in 
the hospital spaces. 
Interior design factors 49.51 27 
FH30 The existence parking for ambulances 
and healthcare providers cars are 
sufficient from its numbers and areas. 
Exterior design factors 49.18 28 
FH21 Natural elements are available in the 
hospital spaces. 
Interior design factors 49.00 29 
FH29 There is an external open space for 
healthcare providers. 
Exterior design factors 41.79 30 
 
4.2.2.4. Evaluation of environmental ergonomics design factors group  
The environmental ergonomics design factors group consists of 6 factors. The 
means, SD, RII, t-value (two-tailed), P-value, and ranks regarding to respondents 
opinion about their agreement on the statements related to the six environmental design 
factors, are shown in table 4.27. Statements were categorized with rating from 65.39% to 




Table (4.27): Mean, SD, RII, t-value, P-value, and rank of environmental ergonomics 
design factors statements 
NO. 





























FH31 The light within healthcare 
building spaces is suitable for 
its functions. 
3.27 1.09 65.39 5.30 0.000* 1 
FH33 Air movement and quality 
within healthcare building 
spaces is suitable. 
3.21 1.06 64.25 4.50 0.000* 2 
FH34 The temperature within 
healthcare building spaces is 
suitable for healthcare 
providers. 
3.19 1.16 63.77 3.70 0.000* 3 
FH35 The humidity within 
healthcare building spaces is 
suitable for its functions. 
3.00 1.10 60.00 -0.10 0.453 4 
FH36 Healthcare providers are not 
exposed to vibrations as a 
result from the internal and 
external environment. 
1.89 1.11 37.74 -2.00 0.022* 5 
FH32 The hearing sounds in the 
hospital are not consider noisy. 
1.81 1.16 36.19 -3.30 0.000* 6 
  All statements 2.73 0.78 54.56 -4.50 0.000*  
Critical value of t: at degree of freedom (df)= (N-1)= (392- 1)= 391 and significance 





Figure (4.26): RII of statements (FH31 to FH36) used to evaluate environmental 
ergonomics design factors application in the existence hospitals in Gaza 
With an RII of 65.39%, the surveyed healthcare providers agreed that "the light 
within healthcare building spaces is suitable for its functions" (FH31), and ranked 1st in 
the environmental ergonomics design factors group, and 6th overall. The situation in the 
United States is the same, Mahmood et al. (2011) illustrated that the current 
characteristics of light in the United States hospitals is helpful for healthcare providers. 
In Malaysia and Jordan hospitals, the situation is in contrast, Ghazali and Abbas (2012), 
and Alzoubi and Al-Rqaibat (2014) respectively, found that lighting is considered a 
problematic issue. Chaudhury et al. (2009), Rechel et al. (2009), Mourshed and Zhao 
(2012), and Abu Samah et al. (2013) highlighted the importance of lighting for 
healthcare providers performance.  
Through questionnaire distribution, the researcher observes that some spaces on 
Gaza hospitals depends on the daylight, and other depends on the artificial lighting, 
while other combine between both type of light. This result may reflect the appropriate 
distribution of lighting in hospital spaces. Also it may indicate the insufficient 
experience of healthcare providers in assessing the light characteristics, such as 




"Air movement and quality within healthcare building spaces is suitable" (FH33) 
is agreed by the respondents, with an RII of 64.25%, ranks 2nd in this group, and 9th 
overall. This outcome is in agreement with Mourshed and Zhao (2012), who ranked this 
factor as the 2nd importance within all physical environment factors in Chinese hospitals. 
This outcome could be a result from the appropriate locations and dimensions of 
windows and door openings where it was evident in the spatial factors group, that 
indicate the control of air movement, in addition to the presence of mechanical 
ventilation systems. Despite the location of hospitals in intense traffic movement by 
vehicles, the air quality inside hospitals spaces is acceptable for healthcare providers. 
Because the vehicles moving in the streets around hospitals are not heavy, and the 
biggest polluter for air that is factories located in the eastern part of Gaza, which far 
from hospitals. 
"The temperature within hospitals spaces is suitable for healthcare providers" 
(FH34) is agreed by the respondents, with an RII of 63.77%, ranks 3rd in this group, and 
11th overall. This result is in agreement with Mourshed and Zhao (2012), who ranked 
this factor as the 4th importance within all physical environment factors in Chinese 
hospitals, and Abu Samah et al. (2013). This result is mostly related to the Gaza Strip 
temperature that is moderate. The situation in Malaysia was in contrast. Yau and Chew 
(2009) conducted a field survey to investigate the temperature range for thermal comfort in 
hospitals. A total of 114 healthcare providers in four hospitals were involved in the study. The 
overall healthcare providers satisfaction toward the thermal environment was only 49%. 
The mean of "the humidity within healthcare building spaces is suitable for its 
functions" (FH35) equals 3, with an RII of 60.00%, t-value with negative sign equals -
0.10 which is greater than the critical value of t that equals -1.968, and P-value equals 
0.453 which is greater than the level of significance 0.05, then the mean of this factor is 
insignificantly different, and indicate that the surveyed healthcare providers have neutral 
opinion to this statement. The feeling of healthcare providers with humidity is not as 
their feeling with temperature despite their association together. Humidity may not be 
considered in some hospital spaces, but in other it is important to be controlled, such as 




With an RII of 37.74%, and t-value with negative sign -2.00 which is lower than 
the critical value of t that equals -1.968, and P-value 0.022* that is lower than the level 
of significance 0.05, the surveyed healthcare providers disagreed "healthcare providers 
are not exposed to vibrations as a result from the internal and external environment" 
(FH36), and ranks 5th in this group, and 35th overall. As referred previously, all buildings 
in Gaza Strip including hospital buildings exposed to high vibrations during the Israeli 
wars and shelling. In addition to the vibrations caused by the traffic of vehicles in the 
surrounding streets, as a result from hospitals location in high intensity areas.  
With an RII of 36.19%, and t-value with negative sign -3.3 which is lower than the 
critical value of t that equals -1.968, and P-value 0.000* that is lower than the level of 
significance 0.05, the surveyed healthcare providers disagreed "the hearing sounds in 
the hospital are not consider noisy" (FH32), and ranks 6th in this group, and 36th overall. 
This finding agrees with the results of Mahmood et al. (2011), and Ghazali and Abbas 
(2012) in the United States, and Malaysia, respectively. Furthermore, the result disagrees 
with Morelli (2007), Chaudhury et al. (2009), Mourshed and Zhao (2012), and Abu 
Samah et al. (2013), whose research studies revealed the importance of this factor. 
This finding is most probably related to the different noise sources, included the 
location of most hospitals in the Gaza Strip in a crowded and high intensity population 
areas. Such locations are experiencing intense traffic flow through the external 
surrounding streets versus the limited hospitals areas resulting in limited isolation area 
between hospital building and external surrounding. In addition, during the successive 
Israeli wars against Gaza Strip, an emergency situation is created, which lead to 
overcrowding hospitals with injuries persons, patients and their families. All of that can 
generate undesirable sounds for healthcare providers. As mentioned previously, high 
sounds are heard in the Gaza Strip caused by the Israeli warplanes and explosions. These 
sounds not only considered as a noise for healthcare providers, but also make them work 
under stress. Furthermore, the sound of electrical generators is considered another source 
of noise of healthcare providers, which are operating as a result of the continuing 




Regarding results for the agreement of all the statements related to environmental 
ergonomics design factors group, they show that the mean for all those factors equals 
2.37, and the total RII equals 54.56%, which is lower than the neutral value of RII 60%. 
The value of t-test equals with negative sign equals -1.355.50 that is greater than the 
critical value of t that equals 1.968. As well as, the total p-value of the all factors equals 
0.000* and it is less than the significance level 0.05. Based on the results, the surveyed 
healthcare providers agreed with the application of infection control factors sub- group, 
but the agreement is not high. 
4.2.2.5. Overall ergonomics design factors application in Gaza hospitals from the 
perspective of healthcare providers 
The overall 36 ergonomics design factors studied are presented in table 4.28. As 
shown, the top 10 ranked ergonomics design factors application in Gaza hospitals from 
the perspective of healthcare providers are: (1) the heights of spaces ceilings; (2) spaces 
location and orientation; (3) the dimensions and directions of doors and windows 
openings; (4) critical areas are separate from general traffic and air movements; (5) the 
existence electrical system is secure; (6) lighting; (7) the color of spaces; (8) isolation of 
infection cases wards; (9) air movement and quality within hospitals spaces; and (10) 
finishing materials of spaces. 
Table (4.28): Overall ergonomics design factors application in Gaza hospitals from the 
perspective of healthcare providers, related groups, RII, and their ranks 











FH4 The heights of spaces ceilings are 
suitable. 
Physical ergonomics  76.18 1 
FH1 Spaces location, arrangement, 
and orientation are suitable for 
functionality. 
Physical ergonomics  69.69 2 
FH5 The dimensions and directions of 
doors and windows openings are 
suitable. 




Table (4.28): Continued 











FH23 Critical areas are separate from 
general traffic and air 
movements. 
Physical ergonomics  67.05 4 
FH8 The existence electrical system is 
secure.  
Physical ergonomics  65.65 5 
FH31 The light within healthcare 





FH19 The color of spaces is suitable for 
its function. 
Physical ergonomics  65.20 7 
FH24 Isolation of infection cases wards 
are existence in the hospital. 
Physical ergonomics  64.56 8 
FH33 Air movement and quality within 





FH20 The finishing materials of spaces 
is suitable for their functions. 
Physical ergonomics  64.19 10 
FH34 The temperature within 
healthcare building spaces is 




FH25 Outpatients, inpatients wards and 
diagnostic services areas are 
separate according functionality. 
Physical ergonomics  63.67 12 
FH3 Spaces dimensions and areas are 
sufficient. 
Physical ergonomics  63.60 13 
FH2 Spaces shapes and layouts are 
suitable to provide smooth 
working. 
Physical ergonomics  63.18 14 
FH11 Healthcare providers are walking 
short distances during their work. 
Physical ergonomics  62.90 15 
FH12 Hospital corridors have 
appropriate dimensions that 
facilitate movement and reduce 
congestion. 
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FH27 The work of cleanliness and 
maintenance is easy in the 
hospital. 
Physical ergonomics  62.81 17 
FH9 The existence fire-fighting 
system is effective. 
Physical ergonomics  62.55 18 
FH10 The existence distribution of 
structural elements in spaces is 
suitable.  
Physical ergonomics  62.37 19 
FH18 The furniture and devices 
arrangement are suitable for 
smooth working. 
Physical ergonomics  61.75 20 
FH13 The areas and numbers of stairs 
and elevators are suitable for 
movement intensity. 
Physical ergonomics  61.44 21 
FH15 The existence ramps number and 
slopes are suitable. 
Physical ergonomics  61.39 22 
FH16 The existence wayfinding are 
familiar and facilitate movement. 
Physical ergonomics  60.67 23 
FH26 Wash hand within patient care 
areas and nurse stations are 
sufficient. 
Physical ergonomics  60.31 24 
FH14 The existence entrances and exits 
of healthcare providers, 
especially in emergency 
situations can facilitate the work. 
Physical ergonomics  60.10 25 
FH35 The humidity within healthcare 





FH28 Healthcare providers can transfer 
from one healthcare building to 
anther during external movement 
paths that around the building. 
Physical ergonomics  59.59 27 
FH17 Ergonomics furniture is 
available. 
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FH7 The privacy is achieved in 
healthcare providers units. 
Physical ergonomics  56.85 29 
FH6 The areas of spaces for 
healthcare providers rest are 
sufficient. 
Physical ergonomics  51.24 30 
FH22 Areas for art pieces are available 
in the hospital spaces. 
Physical ergonomics  49.51 31 
FH30 The existence parking for 
ambulances and healthcare 
providers cars are sufficient from 
its numbers and areas. 
Physical ergonomics  49.18 32 
FH21 Natural elements are available in 
the hospital spaces. 
Physical ergonomics  49.00 33 
FH29 There is an external open space 
for healthcare providers. 
Physical ergonomics  41.79 34 
FH36 Healthcare providers are not 
exposed to vibrations as a result 





FH32 The hearing sounds in the 





Regarding results for the agreement of all the statements related to all ergonomics 
design factors, they show that the mean for all those factors equals 2.96, and the total RII 
equals 59.13%, which is lower than the neutral value of RII 60%. The value of t-test 
equals with negative sign equals -1.50 that is lower than the critical value of t that equals 
1.968. As well as, the total p-value of the all factors equals 0.063 and it is greater than 
the significance level 0.05, the factor means are statistically insignificant differences. 
Based on the results, the surveyed healthcare providers have a neutral opinion about the 




4.2.2.6. Factor analysis results of ergonomics application in the existence hospitals 
RII analysis did not provide any meaningful outcomes in terms of understanding 
the clustering effects of the similar items/ variables and thus further analysis was 
required using advanced statistical methods such as factor analysis. The use of factor 
analysis is purely exploratory. Factor analysis was used to examine the pattern of inter-
correlations between the 36 statements/ items/ variables of the field of ergonomics 
application in the existence hospitals in Gaza Strip in attempt to reduce the number of 
them. It used also to group statements/ items/ variables with similar characteristics 
together. In other words, it identified subsets of statements/ items/ variables that 
correlate highly with each other, which called factors or components. 
Appropriateness of factor analysis  
The data was first assessed for its suitability to the factor analysis application. 
There were many stages for that assessment:  
 The distribution of data 
The assumption of normality is most important requirement to generalize the 
results of factor analysis test beyond the sample collected (Field, 2009). 
According to the central limit theorem, the collected data of the research 
follows the normal distribution. The result has been satisfied with the 
requirement. 
 Validity of sample size  
The reliability of factor analysis is dependent on sample size. The common 
rule is sample size should be at least 10 times the number of statements/ items/ 
variables (Field, 2009). Fortunately, for this field the condition was verified. 
This field contains 36 statements and the sample size was 392. With 392 
respondents and 36 statements/ items/ variables, the ratio of respondents to 
statements/ items/ variables are 11: 1, which exceeds the requirement for the 





 Kaiser-Meyer-Olkin (KMO) and Bartlett's test  
Table 4.29 shows the Kaiser-Meyer-Olkin (KMO) measure of sampling 
adequacy test and Bartlett's test of Sphericity. KMO test is used to predict if 
data are likely to factor well. Kaiser (1974) recommended accepting values 
greater than 0.5 as acceptable. For these data, KMO = 0.910, which fall into 
the region of being superb; so factor analysis is appropriate for these data. 
Moreover, Bartlett's test of Sphericity was another indication of the strength of 
the relationship among statements/ items/ variables. The Bartlett's test of 
Sphericity was 5,954.73 and the associated significance level was 0.000. For 
these data, Bartlett's test is highly significant (P-value < 0.001), and therefore 
factor analysis is appropriate. This indicated that the correlation matrix is not 
an identity matrix; therefore, there are some relationships between the 
statements/ items/ variables.  
Table (4.29): KMO and Bartlett's test for ergonomics design factors application in 
hospitals statements  
Kaiser-Meyer-Olkin Measure of sampling adequacy 0.910 
Bartlett's Test of Sphericity Approx. Chi-Square 5,954.726 
 df 861 
 P-value 0.000 
Cronbach’s Alpha (Cα) 0.90 
 
Total variance explained  
Using the output from iteration 1, there were six eigenvalues greater than 1 (Figure 
4.27). The eigenvalue criterion stated that each factor explained at least one statement's/ 
item's/ variable's worth of the variability, and therefore only factors with eigenvalues 
greater than one should be retained (Larose, 2006; and Field, 2009). The latent root 
criterion for number of factors to derive would indicate that there were 6 factors 
(components) to be extracted for these statements/ items/ variables. Results were 
tabulated in table 4.30. The six factors solution explained a sum of the variance with 




8.480%; factor 4 contributing 7.883%; factor 5 contributing 7.258%; and factor 6 
contributing 6.690%. All the remaining factors are not significant. 
The six factors (components) were then rotated via varimax rotation approach. 
This does not change the underlying solution, or the relationships among the statements/ 
items/ variables. Rather, it presents the pattern of loadings in manner that is easier to 
interpret factors (components) (Reinard, 2006; Field, 2009; and Zaiontz, 2014). The 
rotated solution revealed that the six factors (components) solution explained a sum of 
the variance with factor 1 contributing 12.18%; factor 2 contributing 10.87%; factor 3 
contributing 8.48%; factor 4 contributing 7.88%; factor 5 contributing 7.25%; and factor 
6 contributing 6.69%. These six factors (components) explained 53.37% of total 
variance for the varimax rotation that is considered an acceptable value (higher than 
50%) according to Mohammadi et al. (2013). 











Extraction Sums of 
Squared Loadings 










































































1 13.21 31.46 31.46 13.21 31.46 31.46 5.11 12.18 12.18 
2 2.55 6.08 37.54 2.55 6.08 37.54 4.56 10.87 23.05 
3 1.90 4.53 42.07 1.90 4.53 42.07 3.56 8.48 31.53 
4 1.72 4.09 46.17 1.72 4.09 46.17 3.31 7.88 39.42 
5 1.56 3.72 49.89 1.56 3.72 49.89 3.04 7.25 46.68 
6 1.46 3.47 53.37 1.46 3.47 53.37 2.81 6.69 53.37 
7 0.98 2.33 66.90       
8 0.94 2.23 69.14       
9 0.90 2.14 71.28       
10 0.80 1.91 73.19       
11 0.78 1.85 75.05       














Extraction Sums of 
Squared Loadings 










































































13 0.69 1.64 78.47       
14 0.61 1.45 79.92       
15 0.60 1.44 81.37       
16 0.50 1.20 83.92       
17 0.47 1.13 85.05       
18 0.46 1.10 86.15       
19 0.45 1.08 87.24       
20 0.44 1.05 88.29       
21 0.41 0.99 89.29       
22 0.39 0.94 90.23       
23 0.38 0.92 91.15       
24 0.37 0.89 92.04       
25 0.35 0.84 92.89       
26 0.31 0.76 94.48       
27 0.30 0.71 95.20       
28 0.29 0.69 95.89       
29 0.26 0.63 96.53       
30 0.26 0.62 97.15       
31 0.24 0.57 97.73       
32 0.23 0.55 98.29       
33 0.22 0.53 98.82       
34 0.19 0.45 99.28       
35 0.16 0.40 99.68       



























Figure (4.27): The six factors (components) of ergonomics application in hospital 
 
Ergonomics application 
in the existence 
hospitals 
Factor 1: Circulation and safety 
system 
Eigen value= 13.21 
Factor 2: Spatial characteristics 
of hospitals workspaces 
Eigen value= 2.55 
Factor 3: Environmental 
ergonomics design 
Eigen value= 1.90 
Factor 4: Interior design of 
hospitals spaces 
Eigen value= 1.72 
Factor 5: Exterior design and 
private spaces for healthcare 
providers 
Eigen value= 1.56 
Factor 6: Infection control and 
noise pollution 





The scree plot below in figure 4.28 is a graph of the eigenvalues against all the 
factors. This graph can also be used to decide on number of factors that can be derived. 
The point of interest is where the curve starts to flatten. It can be seen that the curve 
begins to flatten between factors 6 and 7. Note also that factor 7 has an eigenvalue of 
less than 1, so only six factors have been retained to be extracted. 
 
 
Figure (4.28): Scree plot for factors of ergonomics application in the existence hospitals 
in Gaza city 
Naming the factors 
Once an interpretable pattern of loadings is done, the factors or components should 
be named according to their substantive content or core. The factors should have 




loadings on a factor should play a more important role in naming the factor. The six 
factors (components) were named as the following: 
 Factor 1: Circulation and safety systems   
 Factor 2: Spatial characteristics of hospitals workspaces   
 Factor 3: Environmental ergonomics design 
 Factor 4: Interior design of hospitals spaces 
 Factor 5: Exterior design and private spaces for healthcare providers 
 Factor 6: Infection control and noise pollution 
Table 4.31 shows the factor loadings after rotation of 36 statements/ items/ 
variables on the six factors extracted and rotated, as well as eigenvalue and variance of 
each factor. 
Table (4.31): Results of factor analysis of ergonomics application  
No. 













































Factor 1: Circulation and safety systems   
FH13 The areas and numbers of stairs and 





















FH11 Healthcare providers are working short 
distances during their work  
0.65  
FH15 The existence ramps numbers and slopes 
are suitable  
0.62  
FH16 The existence wayfindings are familiar 
and facilitate movement  
0.56  
FH14 The existence entrances and exits of 
healthcare providers, especially in 





Table (4.31): Continued  
No. 













































FH12 Hospital corridors have appropriate 





FH27 The work of cleanliness and maintenance 
is easy in the hospital  
0.43  
FH9 The existence fire-fighting system is 
effective  
0.43  
FH8 The existence electrical system is secure  0.39  
Factor 2: Spatial characteristics of hospitals workspaces   
FH1 Spaces location, arrangement, and 















FH2 Spaces shapes and layouts are suitable to 
provide smooth working  
0.68 
FH5 The dimensions and directions of doors 
and windows openings are suitable  
0.65 
FH4 The heights of spaces ceilings are suitable  0.53 
FH3 Spaces dimensions and areas are 
sufficient  
0.52 
FH10 The existence distribution of structural 
elements in hospitals spaces is suitable  
0.41 
Factor 3: Environmental ergonomics design 
FH34 The temperature within hospitals spaces is 












FH33 Air movement and quality within 





Table (4.31): Continued  
No. 













































FH35 The humidity within healthcare building 




FH31 The light within healthcare building 
spaces is suitable for its functions  
0.52 
FH36 Healthcare providers are not expose to 
vibrations as a result from the internal and 
external environment 
0.35  
Factor 4: Interior design of hospitals spaces 
FH19 
Colors of hospital’s spaces are suitable for 

















FH18 Furniture and devices’ arrangement are 
suitable for smooth working  
0.62 
FH20 Finishing materials of hospital’s spaces 
are suitable for their functions  
0.59 
FH22 Areas for art objects in the hospital’s spaces 
are available  
0.48 
Factor 5: Exterior design and private spaces for healthcare providers  
FH30 The existence parking for ambulances and 
healthcare providers cars are sufficient from 













FH29 There is an external open space for 
healthcare providers  
0.692 
FH6 The areas of spaces for healthcare providers 
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No. 













































FH28 Healthcare providers can transfer from 
one healthcare building to anther during 





FH7 The privacy is achieved in healthcare 
providers units 
0.489 
FH21 Natural elements are available in the 
hospital spaces  
0.482 
Factor 6: Infection control and noise pollution 
FH23 Critical areas are separate from general 
traffic and air movements  
0.769 1.461 6.69 0.83 
FH25 Outpatients, inpatients wards and 
diagnostic services areas are separate 
according functionality  
0.599 
FH24 Isolation of infection cases wards are 
existence in the hospital  
0.517 
FH26 Wash hand within patient care areas and 
nurse stations are sufficient  
0.394 




The extracted factors 
The next section will interpret and discuss each of the extracted components 




 Factor 1: Circulation and safety systems   
First factor named “circulation and safety systems” explains 12.18% of the total 
variance and contains 9 statements/ items/ variables. The majority of statements/ items/ 
variables had relatively high factor loadings (≥ 0.39). The nine statements/ items/ 
variables are as follows: 
(1) The areas and numbers of stairs and elevators are suitable for movement 
intensity (FH13), with factor loading= 0.65. 
(2) Healthcare providers are working short distances during their work (FH11), 
with factor loading= 0.65. 
(3) The existence ramps numbers and slopes are suitable (FH15), with factor 
loading= 0.62. 
(4) The existence wayfindings are familiar and facilitate movement (FH16), with 
factor loading= 0.56. 
(5) The existence entrances and exits of healthcare providers, especially in 
emergency situations can facilitate the work (FH14), with factor loading= 
0.52. 
(6) Hospital corridors have appropriate dimensions that facilitate movement and 
reduce congestion (FH12), with factor loading= 0.51. 
(7) The work of cleanliness and maintenance is easy in the hospital (FH27), with 
factor loading= 0.43. 
(8) The existence fire-fighting system is effective (FH9), with factor loading= 
0.43. 
(9) The existence electrical system is secure (FH8), with factor loading= 0.39. 
The name of this factor has been chosen according to the correlations between 
these nine statements/ items/ variables. Circulation spaces provide access within hospital 
departments.  Circulation spaces are corridors, internal lobbies, stairs, ramps, elevators, 
entrances and exists within a department for moving between spaces within that 
department (Department of Health in the United Kingdom, 2013). Nazarian (2013) 




wards and how they could affect healthcare providers productivity. He found that 
healthcare providers productivity affected negatively by healthcare providers stress, and 
dissatisfaction related to circulation system in the hospitals that lead to medical errors. 
As shown from results, the statement/ item/ variable with the highest loading of this first 
factor (component) is “the areas and numbers of stairs and elevators are suitable for 
movement intensity” (FH13), and the statement/ item/ variable with the lowest loading of 
this first factor (component) is “the existence electrical system is secure” (FH8). 
“The areas and numbers of stairs and elevators are suitable for movement 
intensity” (FH13) is the highest statement/ item/ variable of factor 1 of ergonomics 
application in the existence hospitals in Gaza Strip with factor loading of 0.65. 
Healthcare providers in hospitals frequently travel between floors and choose between 
taking the stairs or elevator (Shah et al., 2011). Abu Samah et al. (2013) reviewed 
foreign guidance to highlight the most critical design factors for the physical 
environment of outpatient facilities that were related to the improvement of quality care. 
They revealed stairs as one from the important critical design factors for the physical 
environment that need to be considered during hospitals planning and design. The 
availability of stairs and elevators with sufficient areas and numbers can prevent 
congestion, reduce noise, reduce stress, and achieve healthcare providers safety by 
avoiding falls. 
“The existence electrical system is secure” (FH8) is the lowest statement/ item/ 
variable of factor 1 of ergonomics application in the existence hospitals in Gaza Strip 
with factor loading of 0.39. Whenever healthcare providers work with power tools or 
electrical circuits, there is a risk of electrical accidents (Health Worker Safety Initiative, 
2012). The major contributors to hospital electrical accidents are faulty equipment and 
wiring. Electrical accidents fall into three categories, included fires, burns, and shock 
(World Health Organization, 2015). For healthcare providers safety, electrical system 






 Factor 2: Spatial characteristics of hospitals workspaces   
Second factor named “spatial characteristics of hospitals workspaces” explains 
10.878% of the total variance and contains 6 statements/ items/ variables. The majority 
of statements/ items/ variables had relatively high factor loadings (≥ 0.41). The six 
statements/ items/ variables are as follows: 
(1) Spaces location, arrangement, and orientation are suitable for functionality 
(FH1), with factor loading= 0.72. 
(2) Spaces shapes and layouts are suitable to provide smooth working (FH2), with 
factor loading= 0.68. 
(3) The dimensions and directions of doors and windows openings are suitable 
(FH5), with factor loading= 0.65. 
(4) The heights of spaces ceilings are suitable (FH4), with factor loading= 0.53. 
(5) Spaces dimensions and areas are sufficient (FH3), with factor loading= 0.52. 
(6) The existence distribution of structural elements in hospitals spaces is suitable 
(FH10), with factor loading= 0.41. 
The name of this factor has been chosen according to the correlations between 
these six statements/ items/ variables. Spatial architectural designs healthcare providers’ 
efficiency and productivity (Mourshed and Zhao, 2012; and Ahmad et al., 2014). The 
statements/ items/ variables under spatial characteristics of hospitals workspaces were 
studied by previous authors, they are Chaudhury  et al. (2009); Mahmood et al. (2011); 
Mourshed and Zhao (2012); Abu Samah et al. (2013); Price and Lu (2013); Ahmad et al. 
(2014); and Liu et al. (2014). As shown from results, the statement/ item/ variable with 
the highest loading of this second factor (component) is “spaces location, arrangement, 
and orientation are suitable for functionality” (FH1), and the statement/ item/ variable 
with the lowest loading of this second factor (component) is “the existence distribution 
of structural elements in spaces is suitable” (FH10). 
“Spaces location, arrangement, and orientation are suitable for functionality” 
(FH1) is the highest statement/ item/ variable of factor 2 of ergonomics application in 




previous studies, spaces location, arrangement, and orientation is important ergonomics 
design item/ variable according to Chaudhury  et al. (2009); Mahmood et al. (2011); 
Abu Samah et al. (2013); Price and Lu (2013); and Ahmad et al. (2014). Liu et al. (2014) 
explored how physical environment affect the medication communication processes in 
Australian hospitals. They found that medication communication in the medical wards 
may interrupted due to the physical layout included spaces arrangements of patient 
rooms, nurses stations, medication room, pharmacy, equipment room and corridors, and 
limited space. In medical ward, these spaces may be arranged in the form that 
workplaces were closed with high intensity clinical activities, and limited spaces 
resulting in overcrowded which affected the communication process.  
“The existence distribution of structural elements in hospitals spaces is suitable” 
(FH10) is the lowest statement/ item/ variable of factor 2 of ergonomics application in 
the existence hospitals in Gaza Strip with factor loading of 0.41. Structural elements 
including columns and beams are needed to be designed and located in hospitals spaces 
in the form that does not hinder healthcare providers work and safety. For example, 
when the location of a column is prominent in the space and positioned through the work 
path of healthcare providers, they may hit the column causing injuries and delayed work. 
Therefore, the distribution of structural elements in hospitals spaces should be suitable 
for healthcare provider work and safety. 
 Factor 3: Environmental ergonomics design 
Third factor named “environmental ergonomics design” explains 8.480% of the 
total variance and contains 5 statements/ items/ variables. The majority of statements/ 
items/ variables had relatively high factor loadings (≥ 0.35). The five statements/ items/ 
variables are as follows: 
(1) The temperature within hospitals spaces is suitable for healthcare providers 
(FH34), with factor loading= 0.78. 
(2) Air movement and quality within healthcare building spaces is suitable 




(3) The humidity within healthcare building spaces is suitable for its functions 
(FH35), with factor loading= 0.71. 
(4) The light within healthcare building spaces is suitable for its functions 
(FH31), with factor loading= 0.52. 
(5) Healthcare providers are not expose to vibrations as a result from the internal 
and external environment (FH36), with factor loading= 0.35. 
The name of this factor has been chosen according to the correlations between 
these five statements/ items/ variables. Environmental ergonomics is an integral part of 
ergonomics and should be viewed and practiced from that perspective (Parsons, 2000). 
In a study aimed to evaluate lighting in a hospital in Tabriz city in Iran, Dianat et al. 
(2013) highlighted the fact that environmental ergonomics should be given a more 
prominent role in hospital building and workplace design to support safer healthcare 
facilities for healthcare providers and patients. Understanding how the environmental 
ergonomics can affect health and well-being is a requirement for good environment 
design (Salonen et al., 2016). As shown from results, the statement/ item/ variable with 
the highest loading of this third factor (component) is “The temperature within hospitals 
spaces is suitable for healthcare providers” (FH34), and the statement/ item/ variable 
with the lowest loading of this second factor (component) is “Healthcare providers are 
not expose to vibrations as a result from the internal and external environment” (FH36). 
“The temperature within hospitals spaces is suitable for healthcare providers” 
(FH34) is the highest statement/ item/ variable of factor 3 of ergonomics application in 
the existence hospitals in Gaza Strip with factor loading of 0.78. The temperature within 
healthcare building spaces was mentioned in the literature review as an important factor 
of environmental ergonomics application according to the studies of Yau and Chew 
(2009), Mahmood et al. (2011), Mourshed and Zhao (2012), Abu Samah et al. (2013), 
and Coluci and Alexandre (2014). Temperature and thermal comfort has been associated 
with improved work performance and productivity as well as decreased stress and 




tasks, thermal stress and discomfort have the potential to lead to increases in errors 
(Salonen and Morawska, 2013). 
“Healthcare providers are not expose to vibrations as a result from the internal 
and external environment” (FH36) is the lowest statement/ item/ variable of factor 3 of 
ergonomics application in the existence hospitals in Gaza Strip with factor loading of 
0.35. According to Tziaferi et al. (2011) and Gorman et al. (2013), healthcare providers 
encounter vibration during their work in the hospitals buildings that can affect their 
health and safety. Therefore, vibration should be considered during hospitals planning 
and design phase, by studying all causes resulting in vibration and finding design 
solutions to avoid such vibration. 
 Factor 4: Interior design of hospitals spaces 
Fourth factor named “interior design of hospitals spaces” explains 7.883% of the 
total variance and contains 5 statements/ items/ variables. The majority of statements/ 
items/ variables had relatively high factor loadings (≥ 0.48). The five statements/ items/ 
variables are as follows: 
(1) Colors of hospital’s spaces are suitable for their functions (FH19), with factor 
loading= 0.78. 
(2) Ergonomics furniture are available (FH17), with factor loading= 0.73. 
(3) Furniture and devices’ arrangement are suitable for smooth working (FH18), 
with factor loading= 0.62. 
(4) Finishing materials of hospital’s spaces are suitable for their functions 
(FH20), with factor loading= 0.59. 
(5) Areas for art objects in the hospital’s spaces are available (FH22), with factor 
loading= 0.48. 
The name of this factor has been chosen according to the correlations between 
these five statements/ items/ variables. Interior design of hospitals spaces must supports 
the creation of a healing. In a study aimed to evaluate the quality of physical 




Malaysia, Ghazali and Abbas (2012) identified color, furniture arrangement, art and 
music as important interior design items/ variables for evaluation. As shown from 
results, the statement/ item/ variable with the highest loading of this first factor 
(component) is “colors of hospital’s spaces are suitable for their functions” (FH19), and 
the statement/ item/ variable with the lowest loading of this first factor (component) is 
“areas for art pieces in the hospital’s spaces are available” (FH22). 
“Colors of hospital’s spaces are suitable for their functions” (FH19) is the highest 
statement/ item/ variable of factor 4 of ergonomics application in the existence hospitals 
in Gaza Strip with factor loading of 0.78. As passed in the previous studies, Chaudhury 
et al. (2009); Rangel and Alvão (2011); Ghazali and Abbas (2012); Mourshed and Zhao 
(2012); Abu Samah et al. (2013); and Salonen and Morawska (2013); pointed the 
importance of hospitals’ spaces colors when ergonomics application is considered. In a 
study aimed to emphasize the effect of spaces design on reducing nursing and 
medication errors in hospitals, Chaudhury and Mahmood (2007) referred that color is 
central in the interior design of a hospital, and may affect the perceptions of other design 
variables. A noisy environment, therefore, may be perceived as less noisy in cooler 
colors such as blue or green, whereas noise levels may be exaggerated in a red or yellow 
environment. Similar effects have been noted with regards to the temperature of 
hospitals’ spaces. They confirmed that colors could affect healthcare provider’s mood, 
satisfaction, motivation, and performance. If the incorrect color is chosen, behavior may 
be negatively affected. Thus, healthcare providers may be more prone to errors.  
“Areas for art objects in the hospital’s spaces are available” (FH22) is the lowest 
statement/ item/ variable of factor 4 of ergonomics application in the existence hospitals 
in Gaza Strip with factor loading= 0.48. This statement/ item/ variable was mentioned in 
the literature review according to the studies of Ghazali and Abbas (2012), Mourshed 
and Zhao (2012), and Abu Samah et al. (2013). The existence of area for art objects in 
the hospitals spaces has been associated with healthcare providers’ job satisfaction 





 Factor 5: Exterior design and private spaces for healthcare providers  
Fifth factor named “exterior design and private spaces for healthcare providers” 
explains 7.258% of the total variance and contains 6 statements/ items/ variables. The 
majority of statements/ items/ variables had relatively high factor loadings (≥ 0.48). The 
six statements/ items/ variables are as follows: 
(1) The existence parking for ambulances and healthcare providers cars are 
sufficient from its numbers and areas (FH30), with factor loading= 0.70. 
(2) There is an external open space for healthcare providers (FH29), with factor 
loading= 0.69. 
(3) The areas of spaces for healthcare providers rest are sufficient (FH6), with 
factor loading= 0.55. 
(4) Healthcare providers can transfer from one healthcare building to anther 
during external movement paths that around the building (FH28), with factor 
loading= 0.55. 
(5) The privacy is achieved in healthcare providers units (FH7), with factor 
loading= 0.48. 
(6) Natural elements are available in the hospital spaces (FH21), with factor 
loading= 0.48. 
The name of this factor has been chosen according to the correlations between 
these six statements/ items/ variables. Hospitals outdoor spaces are important for health-
care providers, who spend most of their time in the hospitals buildings, and need 
designated and accessible areas removed from their daily activities. With a growing 
understanding of the importance of exterior design for the quality of hospital care and 
the health and safety of patients and health-care providers, the outdoor spaces of 
hospitals are beginning to be considered (Yücel, 2013). Exterior design of hospitals 
outdoor spaces concerned with garden, playground, artwork and sound of nature 
(Ghazali and Abbas, 2012). Private spaces for healthcare providers have been 
recommended by several studies in order to communicate and relax. By promoting 




service can be achieved (Mahmood et al., 2011; and Salonen and Morawska, 2013). As 
shown from results, the statement/ item/ variable with the highest loading of this fifth 
factor is “the existence parking for ambulances and healthcare providers cars are 
sufficient from its numbers and areas” (FH30), and the statement/ item/ variable with the 
lowest loading of this fifth factor is “natural elements are available in the hospital 
spaces” (FH21). 
“The existence parking for ambulances and healthcare providers cars are 
sufficient from its numbers and areas” (FH30) is the highest statement/ item/ variable of 
factor 5 of ergonomics application in the existence hospitals in Gaza Strip with factor 
loading of 0.70. Butt et al. (2012) investigated the impact of physical environment on 
hospital nurses commitment towards job in Pakistan. The existence of sufficient parking 
was one from their measurement factors. They concluded that physical environment 
including the existence of parking have a positive impact on nurses’ commitment as an 
important group play a vital role in the performance of hospital as an organization. 
“Natural elements are available in the hospital spaces” (FH21) is the lowest 
statement/ item/ variable of factor 5 of ergonomics application in the existence hospitals 
in Gaza Strip with factor loading of 0.48. Most of hospitals have been built in urban 
environments and generally lack natural resources. Exposing patients to natural elements 
by bringing nature into the hospitals may help to reduce stress, as well as improve staff 
wellbeing (Salonen and Morawska, 2013). The existence of natural elements in the 
hospitals such as plants have indirect impact on healthcare providers by reducing stress, 
and feeling more comfortable (Mourshed and Zhao, 2012). 
 Factor 6: Infection control and noise pollution 
Sixth factor named “infection control and noise pollution” explains 6.690% of the 
total variance and contains 5 statements/ items/ variables. The majority of statements/ 
items/ variables had relatively high factor loadings (≥ 0.32). The five statements/ items/ 




(1) Critical areas are separate from general traffic and air movements (FH23), 
with factor loading= 0.76. 
(2) Outpatients, inpatients wards and diagnostic services areas are separate 
according functionality (FH25), with factor loading= 0.59. 
(3) Isolation of infection cases wards are existence in the hospital (FH24), with 
factor loading= 0.51. 
(4) Wash hand within patient care areas and nurse stations are sufficient (FH26), 
with factor loading= 0.39. 
(5) The hearing sounds in hospital are not consider noisy (FH32), with factor 
loading= 0.32. 
The name of this factor has been chosen according to the correlations between 
these five statements/ items/ variables. As shown previously in the literature review, 
some studies mentioned infection control plays an important role for healthcare 
providers’ safety such as the study of Bartley et al. (2000); Chaudhury et al. (2009); and 
Abu Samah et al. (2013). Infection control minimize the risk of infection transmission 
from patient to patient, from patient to healthcare provider, or from healthcare provider 
to another healthcare provider Rao (2004). There are numerous noise sources in 
hospitals, Ryherd et al. (2011) stated that noise is referred to as unwanted sound. Many 
hospital departments offer exposure to high noise level that can cause hearing problems 
and influence healthcare providers’ ability of concentration, and threaten their health and 
safety (Tziaferi et al., 2011). Noise, therefore, can also negatively affect patients by 
reduce patients stress and depression that improve sleep, reduce their exposure to 
medical errors, and reduce stay length (Ulrich et al., 2004; Chaudhury et al., 2009; 
Salonen and Morawska, 2013). As shown from results, the statement/ item/ variable with 
the highest loading of this sixth factor is “critical areas are separate from general traffic 
and air movements” (FH23), and the statement/ item/ variable with the lowest loading of 
this sixth factor is “the hearing sounds in hospital are not consider noisy” (FH32). 
“Critical areas are separate from general traffic and air movements” (FH23) is 




existence hospitals in Gaza Strip with factor loading of 0.76. This statement/ item/ 
variable was mentioned in the literature review for control infection transmission 
according to the studies of Rao (2004). Separate critical areas from general traffic and 
air movement is important not only in controlling infection among patients, but also 
among healthcare providers who may be exposed to infection from patients. 
“The hearing sounds in hospital are not consider noisy” (FH32) is the lowest 
statement/ item/ variable of factor 6 of ergonomics application in the existence hospitals 
in Gaza Strip with factor loading of 0.32. This statement/ item/ variable was mentioned 
in the literature review as a prominent ergonomics design factor according to the studies 
of Joseph (2006); Morelli (2007); Chaudhury  et al. (2009); Mahmood et al. (2011); 
Tziaferi et al. (2011); Ghazali and Abbas (2012); Mahmood et al. (2012); Mourshed and 
Zhao (2012); Abu Samah et al. (2013); Coluci and Alexandre (2014); Liu et al. (2014); 
Mackrill et al. (2014); and Bayabana et al. (2016). In a study aimed to understand the 
characteristics of hospitals buildings that affect human health and wellbeing, Salonen 
and Morawska (2013) highlighted that noise is recognized as a distraction and stressor 
for healthcare providers. Among healthcare providers, reduced noise levels in hospitals 
has been associated with reduced stress, reduced emotional exhaustion and burnout, 
reduced fatigue, increased satisfaction, increased effectiveness, increased productivity, 














Conclusions and recommendations 
This chapter summaries the research and aims to provide conclusions and 
recommendations for the adoption of ergonomics application in hospitals' planning and 
design projects in Gaza Strip and suggests areas of future research as a result of the 
findings. By revisiting the research objectives and key findings, an overview will be 
critically discussed to assess the extent to which the research objectives were met. 
5.1. Summary of the research     
An exploration of ergonomics application in hospitals' planning and design 
projects in Gaza Strip was conducted. An extensive review of literature was conducted 
to develop a clear understanding about the aim of the study. The aim of the research was 
to explore ergonomics application in hospitals' planning and design projects in Gaza 
Strip, in order to improve safety, health, and performance of healthcare providers. Two 
questionnaires were designed in order to collect the data, which were: (i) hospitals' 
planners and designers questionnaire, targeted architectural planners and designers who 
participated in hospitals planning and design projects in Gaza Strip; and (ii) healthcare 
providers questionnaire, targeted doctors and nurses from healthcare providers who 
worked in Gaza city hospitals. The results of a 32 collected hospitals' planners and 
designers questionnaires, and 392 healthcare providers questionnaires were analyzed 
quantitatively and then presented by using an “interpretive-descriptive” method for 
qualitative data analysis, which contains tabulation, bar chart, pie chart, and graph. 
Finally, recommendations for the adoption of ergonomics application in hospitals' 
planning and design projects are outlined. 
5.2. Achievements of objectives and answering the research questions  
In achieving the aim of the research, four main objectives have been outlined and 
achieved through the findings of the analyzed collected questionnaires. These objectives 
are related with the research questions that were developed to increase one's knowledge 




5.2.1. Outcomes related to objective one 
 The objective was: To assess the awareness level of hospitals planners and 
designers about ergonomics design factors in hospitals' planning and design 
projects in Gaza Strip, according to their importance and application. This 
objective is related with the following research questions: 
- The first research question: Are hospitals planners and designers aware 
about the importance of ergonomics design factors? 
- The second research question: What are the most important ergonomics 
design factors from hospitals planners and designers perception?  
- The third research question: Are ergonomics design factors applied 
during hospitals' planning and design projects?  
- The fourth research question: What are the most applied ergonomics 
design factors from hospitals planners and designers perception? 
The study findings revealed that the awareness level of hospitals planners and 
designers about the importance of ergonomics design factors is extremely high, but this 
awareness may affected by some barriers in the application. Most from the respondents 
were not aware about ergonomics science that appeared through their querying for the 
meaning of this term. Some ergonomics design factors were more important than others. 
Ergonomics design factors that got top ranking according to overall respondents from 
hospitals planners and designers are as follow: 
(1) Separation of critical areas from general traffic and air movements. 
(2) Isolation of the waste removable circulation and its assembly places from 
wards and departments. 
(3) Isolation of infection cases wards. 
(4) Consider the design requirements for fire-fighting systems. 
(5) Design corridors with appropriate dimensions so as not to hinder the 
movement and lead to congestion. 
(6) Provide adequate number of stairs and elevators according to the movement 




(7) Study the entrances and exits of healthcare providers, especially in emergency 
situations to facilitate their work. 
(8) The appropriate dimensions of doors and windows openings. 
(9) Provision of adequate number of wash hand within patient care areas and 
nurse stations. 
(10) Standardized the arrangement of medical devices and furniture in spaces. 
The study findings also indicated that ergonomics design factors are often applied 
in hospitals planning and design by the surveyed hospitals planners and designers. Some 
ergonomics design factors were more applied than others. Ergonomics design factors 
that got top ranking according to overall respondents from hospitals planners and 
designers are as follow:  
(1) The appropriate dimensions of doors and windows openings. 
(2) Design corridors with appropriate dimensions so as not to hinder the 
movement and lead to congestion. 
(3) Separation of critical areas from general traffic and air movements. 
(4) Provision of adequate number of wash hand within patient care areas and 
nurse stations. 
(5) Isolation of infection cases wards. 
(6) Provide adequate number of stairs and elevators according to the movement 
intensity and nature. 
(7) Consider the design requirements for fire-fighting systems. 
(8) Sufficient spaces dimensions and areas. 
(9) Isolation of the waste removable circulation and its assembly places from 
wards and departments. 
(10) The appropriate height of spaces ceilings. 
The importance of all ergonomics design factors groups with RII of 86.01% is 
higher than their application with RII of 77.87%, because some hospitals in Gaza Strip 
were designed by outside consultant office in other countries in coordination with the 




these organizations. Consequently, healthcare planners and designers may have low 
sensitivity for application. Furthermore, planners and designers who participated in 
designing healthcare buildings may not have sufficient experience about how to apply 
ergonomics design factors.  
Ergonomics design factors were divided into 3 groups, which varied in their 
importance and application ranked the same from the highest important to the lowest as 
follow: 
(1) Physical ergonomics design factors group. 
(2) General ergonomics design factors group. 
(3) Environmental ergonomics design factors group. 
General ergonomics design factors group 
The study findings indicated that the importance of general ergonomics design 
factors for hospitals planning and design is very high from the perception of hospitals 
planners and designers. Some general ergonomics design factors were more important 
than others. General ergonomics design factors that got top ranking according to overall 
respondents from hospitals planners and designers are as follow: 
(1) Complete understanding of working system within hospital building. 
(2) Clear definition for building users and their requirements. 
(3) The use of healthcare buildings design and ergonomics guidance. 
In addition, the study findings also indicated that general ergonomics design 
factors are often applied in hospitals planning and design by the surveyed hospitals 
planners and designers. Some general ergonomics design factors were more applied than 
others. General ergonomics design factors that got top ranking according to overall 
respondents from hospitals planners and designers are as follow:  
(1) Clear definition for building users and their requirements. 
(2) Complete understanding of working system within hospital building. 




Furthermore, the results revealed that participation of healthcare providers and 
patients in planning and design” is sometimes applied, and “written ergonomics program 
of the application mechanism” is rarely applied and need to be improved. 
Physical ergonomics design factors group 
The study findings indicated that the importance of physical ergonomics design 
factors in hospitals planning and design is very high from the perception of hospitals 
planners and designers. Some physical ergonomics design factors were more important 
than others. Physical ergonomics design factors that got top ranking according to overall 
respondents from hospitals planners and designers are as follow: 
(1) Separation of critical areas from general traffic and air movements. 
(2) Isolation of the waste removable circulation and its assembly places from 
wards and departments. 
(3) Isolation of infection cases wards. 
(4) Consider the design requirements for fire-fighting systems. 
(5) Design corridors with appropriate dimensions so as not to hinder the 
movement and lead to congestion. 
Physical ergonomics design factors group was divided into 5 sub-groups, which 
varied in their importance and ranked from the highest important to the lowest as follow: 
(1) Infection control factors 
(2) Circulation factors 
(3) Spatial factors 
(4) Exterior design factors 
(5) Interior design factors 
Furthermore, the five physical ergonomics design factors sub-groups varied in 
their application and ranked from the most application to the least as follow: 
(1) Infection transmission control factors 
(2) Spatial factors 




(4) Exterior design factors 
(5) Interior design factors 
Spatial factors sub-group 
The study findings indicated that the importance of spatial factors sub-group for 
hospitals planning and design is very high from the perception of hospitals planners and 
designers. Some spatial factors were more important than others. Spatial factors that got 
top ranking according to overall respondents from hospitals planners and designers are 
as follow: 
(1) Consider the design requirements for fire-fighting systems. 
(2) The appropriate dimensions of doors and windows openings. 
(3) Consider the design requirements for mechanical and electrical systems. 
(4) The appropriate selection of space shape that provide smooth working. 
(5) The appropriate height of spaces ceilings. 
In addition, the study findings also indicated that spatial factors are often applied 
in hospitals planning and design by the surveyed hospitals planners and designers. Some 
spatial factors were more applied than others. Spatial factors that got top ranking 
according to overall respondents from hospitals planners and designers are as follow: 
(1) The appropriate dimensions of doors and windows openings. 
(2) Consider the design requirements for fire-fighting systems. 
(3) Sufficient spaces dimensions and areas. 
(4) The appropriate height of spaces ceilings. 
(5) The appropriate selection of space shape that provide smooth working.  
Circulation factors sub-group  
The study findings indicated that the importance of circulation factors sub-group 
for hospitals planning and design is very high from the perception of hospitals planners 
and designers. Some circulation factors were more important than others. Circulation 
factors that got top ranking according to overall respondents from hospitals planners and 




(1) Design corridors with appropriate dimensions so as not to hinder the 
movement and lead to congestion. 
(2) Provide adequate number of stairs and elevators according to the movement 
intensity and nature. 
In addition, the study findings also indicated that circulation factors are always 
applied in hospitals planning and design by the surveyed hospitals planners and 
designers. Some circulation factors were more applied than others. The rank of the 
importance and application of the first two circulation factors are the same. 
Interior design factors sub-group  
The study findings indicated that the importance of interior design factors sub-
group for hospitals planning and design is relatively high from the perception of 
hospitals planners and designers. Some interior design factors were more important than 
others. Interior design factors that got top ranking according to overall respondents from 
hospitals planners and designers are as follow: 
(1) Standardized the arrangement of medical devices and furniture in spaces. 
(2) Using the appropriate finishing materials. 
(3) Using the appropriate ergonomics furniture. 
In addition, the study findings also indicated that interior design factors are often 
applied in hospitals planning and design by the surveyed hospitals planners and 
designers. Some interior design factors were more applied than others. Interior design 
factors that got top ranking according to overall respondents from hospitals planners and 
designers are as follow: 
(1) Using the appropriate finishing materials. 
(2) Standardized the arrangement of medical devices and furniture in spaces. 




Infection control factors sub-group  
The study findings indicated that the importance of infection control factors sub-
group for hospitals planning and design is very high from the perception of hospitals 
planners and designers. Some infection control factors were more important than others. 
Infection control factors that got top ranking according to overall respondents from 
hospitals planners and designers are as follow: 
(1) Separation of critical areas from general traffic and air movements. 
(2) Isolation of the waste removable circulation and its assembly places from 
wards and departments. 
In addition, the study findings also indicated that infection control factors are 
always applied in hospitals planning and design by the surveyed hospitals planners and 
designers. Some infection control factors were more applied than others. Infection 
control factors that got top ranking according to overall respondents from hospitals 
planners and designers are as follow: 
(1) Separation of critical areas from general traffic and air movements. 
(2) Provision of adequate number of wash hand within patient care areas and 
nurse stations. 
Exterior design factors sub-group  
The study findings indicated that the importance of exterior design factors sub-
group for hospitals planning and design is high from the perception of hospitals planners 
and designers. Some exterior design factors were more important than others. Exterior 
design factors that got top ranking according to overall respondents from hospitals 
planners and designers are as follow: 
(1) Planning and design hospital site paths to facilitate healthcare providers 
movements among building facilities. 





In addition, the study findings also indicated that exterior design factors are often 
applied in hospitals planning and design by the surveyed hospitals planners and 
designers. Some exterior design factors were more applied than others. The rank of the 
importance and application of  exterior design factors are the same. 
Environmental ergonomics design factors group 
The study findings indicated that the importance of environmental ergonomics 
design factors group for hospitals planning and design is high from the perception of 
hospitals planners and designers. Some environmental ergonomics design factors were 
more important than others. Environmental ergonomics design factors that got top 
ranking according to overall respondents from hospitals planners and designers are as 
follow: 
(1) Studying light within healthcare building spaces. 
(2) Studying air movement within healthcare building spaces. 
(3) Studying the temperature within healthcare building spaces to keep thermal 
comfort. 
In addition, the study findings also indicated that environmental ergonomics 
design factors are often applied in hospitals planning and design by the surveyed 
hospitals planners and designers. Some environmental ergonomics design factors were 
more applied than others. The rank of the importance and application of environmental 
ergonomics design factors are the same. 
5.2.2. Outcomes related to objective two 
 The objective was: To identify the benefits of ergonomics application in 
hospitals' planning and design projects in Gaza Strip. This objective is related 
with the following research question: 
- The fifth research question: Are the benefits of ergonomics application 
valuable for hospitals' planners and designers in Gaza Strip? 
The study findings from hospitals' planners and designers questionnaire indicated 




84.17), healthcare providers (with RII= 81.70%), and hospitals management (with RII= 
77.75%), respectively. The most valuable benefit for patients was "rapid healthcare 
services introducing to patients especially in emergency situation"; the most valuable 
benefit for healthcare providers was "increase the comfort feeling during work"; while 
the most valuable benefit for hospitals management was "improve the performance of 
healthcare providers and the quality of services". 
The top ergonomics benefits for all (patients, healthcare providers, and hospital 
management), which got top ranking according to overall respondents from hospitals' 
planners and designers are as follow: 
(1) Rapid healthcare services introducing to patients especially in emergency 
situation. 
(2) Increase the comfort feeling during work. 
(3) Patient safety. 
(4) Enhance good working conditions. 
(5) Decrease healthcare providers stress. 
5.2.3. Outcomes related to objective three 
 The objective was: To investigate the barriers those face ergonomics 
application in hospitals' planning and design projects in Gaza Strip. This 
objective is related with the following research question: 
- The sixth research question: Are ergonomics barriers affecting the 
application of ergonomics design factors in hospitals' planning and design 
projects in Gaza Strip?  
The study findings from hospitals' planners and designers questionnaire 
demonstrated that ergonomics barriers are greatly affecting the application of 
ergonomics design factors in hospitals' planning and design projects in Gaza Strip. The 
top barriers for ergonomics application, which got top ranking according to overall 




(1) The existence of hospital buildings that need expanding. 
(2) The changes in hospitals design during tendering and construction without 
return to designers. 
(3) Hard political and economic situation in Gaza Strip. 
(4) Minimum space requirement dimensions versus limited areas. 
(5) The existence of many project parties with different views and goals.  
5.2.4. Outcomes related to objective four 
 The objective was: To evaluate ergonomics application in the existence Gaza 
city hospitals from the perspective of healthcare providers. This objective is 
related with the following research questions: 
- The seventh research question: Are healthcare providers encounter 
difficulties in working within the existence hospitals spaces?  
- The eighth research question: What is the situation of the ergonomics 
design factors application in the existence Gaza city hospitals? 
The study findings indicated that most of healthcare providers encountered 
difficulties during their work through some hospitals’ spaces in Gaza whether 
intermittently or continuously. 60% of the respondents sometimes encounter difficulties 
during their work, and 30% of the respondents always encounter difficulties. While 10% 
of the respondents have not faced difficulties during their work.  
For the application of participatory ergonomics, most of the respondents from 
healthcare providers 89% were not participated in hospitals design through determining 
design requirements of their work spaces. On the other hand, 11% of the respondents 
were participated in design phase through determining spaces problems encountered 
during their work, and the determination of requirements in maintenance and 
rehabilitation hospitals projects. 
Generally, the study findings indicated that the surveyed healthcare providers have 




existence hospitals in Gaza. Results also showed that the top ergonomics design factors 
that the surveyed healthcare providers agreed with its suitability are: 
(1) The heights of spaces ceilings. 
(2) Spaces location, arrangement, and orientation. 
(3) Dimensions and directions of doors and windows openings. 
(4) The separation of critical areas from general traffic and air movements. 
(5) Electrical system. 
(6) Lighting. 
(7) Color of spaces. 
(8) The isolation of infection cases wards. 
(9) Air movement and quality. 
(10) Finishing materials of spaces. 
Ergonomics design factors were divided into 2 groups, which varied in their 
suitability as follows: 
Physical ergonomics design factors group  
The results demonstrated that the surveyed healthcare providers agreed with the 
application of physical ergonomics design factors group in the existence hospitals spaces 
in Gaza, but the agreement is not high. The top physical ergonomics design factors that 
the surveyed healthcare providers agreed with its suitability are: 
(1) The heights of spaces ceilings. 
(2) Spaces location, arrangement, and orientation. 
(3) Dimensions and directions of doors and windows openings. 
(4) The separation of critical areas from general traffic and air movements. 
(5) Electrical system. 
(6) Color of spaces. 
(7) The isolation of infection cases wards. 




Physical ergonomics design factors group was divided into 5 sub-groups, which 
varied in their suitability as follows: 
Spatial factors sub-group 
The results demonstrated that the surveyed healthcare providers agreed with the 
application of spatial factors sub- group in the existence hospitals spaces in Gaza, but the 
agreement is not high. The top spatial factors that the surveyed healthcare providers 
agreed with its suitability are:  
(1) The heights of spaces ceilings. 
(2) Spaces location, arrangement, and orientation. 
(3) The dimensions and directions of doors and windows openings.  
Furthermore, the results revealed the following problems in the existence hospitals 
in Gaza: 
(1) Lack of privacy in healthcare providers units. 
(2) Lack of spaces for healthcare providers rest. 
Circulation factors sub-group  
The results demonstrated that the surveyed healthcare providers agreed with the 
application of circulation factors sub- group in the existence hospitals spaces in Gaza, 
but the agreement is not high. The top circulation factors that the surveyed healthcare 
providers agreed with its suitability are: 
(1) Walking distances during healthcare providers work. 
(2) Corridors dimensions. 
Furthermore, the results revealed that the surveyed healthcare providers have 
neutral opinion about the suitability of the following factors: 
(1) Wayfinding. 




Interior design factors sub-group  
The results demonstrated that the surveyed healthcare providers disagreed with the 
application of interior design factors sub- group in the existence hospitals spaces in 
Gaza. The top interior design factors that the surveyed healthcare providers agreed with 
its suitability are: 
(1) Color. 
(2) Finishing materials. 
(3) Furniture and devices arrangement. 
Furthermore, the results revealed that the surveyed healthcare providers have 
neutral opinion about the suitability of ergonomics furniture. On the other hand, the 
results revealed the following problems in the existence hospitals in Gaza: 
(1) Art objects. 
(2) Plants and natural elements. 
Infection control factors sub-group  
The results demonstrated that the surveyed healthcare providers agreed with the 
application of infection control factors sub- group in the existence hospitals spaces in 
Gaza, but the agreement is not high. The top infection control factors that the surveyed 
healthcare providers agreed with its suitability are: 
(1) The separation of critical areas from general traffic and air movements. 
(2) The isolation of infection cases wards. 
Exterior design factors sub-group  
The results demonstrated that the surveyed healthcare providers disagreed with the 
application of exterior design factors sub- group in the existence hospitals spaces in 
Gaza. The results revealed that the surveyed healthcare providers have neutral opinion 
about the suitability of movement paths between healthcare buildings. Furthermore, the 
results highlighted the following problems in the existence hospitals in Gaza: 




(2) Lack of external open space for healthcare providers. 
Environmental ergonomics design factors group  
The results demonstrated that the surveyed healthcare providers have neutral 
opinion when they evaluated the situation of environmental ergonomics design factors 
group. Results also showed that the surveyed healthcare providers agreed that the 
following environmental design factors within the existence hospitals spaces in Gaza are 
suitable, but their agreements were not high and ranked from the highest to the lowest as 
follow:  
(1) Light 
(2) Air movement and quality 
(3) Temperature 
Furthermore, the results revealed that healthcare providers exposed to vibrations 
and noise as a result from the internal and external environment.  
Results obtained from factor analysis have clustered ergonomics design factors in 
six components, which are: 
(1) Circulation and safety systems.   
(2) Spatial characteristics of hospitals workspaces.   
(3) Environmental ergonomics design. 
(4) Interior design of hospitals spaces. 
(5) Exterior design and private spaces for healthcare providers. 
(6) Infection control and noise pollution. 
5.3. Recommendations 
Based on the achieved objectives of this research as stated earlier, the 
recommendations were drawn as a result of the research findings. Table 5.1 the 





Table (5.1): Recommendations and who are responsible for their implementation  
Recommendation 
Who are responsible for its 
implementation 
 Prepare guidelines for hospitals design 
standards with ergonomics considerations. 
- MOH 
- Association of engineers 
- Universities 
- Consulting engineering offices 
 Prepare a master ergonomics program for 
hospitals buildings in Gaza Strip. 
- MOH 
- Association of engineers 
 Provide fund for ergonomics application in 
hospitals planning and design projects. 
- Hospitals supervision agencies 
(MOH, MOI, and NGOs) 
- Hospitals management 
- Donors 
 Prepare ergonomics program or plan on the 
beginning of hospitals planning and design 
projects. 
- Hospitals supervision agencies 
(MOH, MOI, and NGOs) 
- Hospitals management 
-  Consulting engineering offices 
- Donors 
 Be sure that ergonomics concept is applied in 
hospitals planning and design projects before 
the implementation, and do not allow to any 
hospital to be built with ergonomics violations. 
- Hospitals supervision agencies 
(MOH, MOI, and NGOs) 
- Association of engineers 
 
 Raise the awareness level not only of hospitals 
planners and designers but also of all 




- Association of engineers 




Table (5.1): Continued 
Recommendation 
Who are responsible for its 
implementation 
 Train and educate architectural planners and 
designers on ergonomics application methods 
and strategies. 
- Universities 
- Association of engineers 
- Consulting engineering offices 
 Rehabilitate the existence hospitals in Gaza 
Strip with ergonomics concept. 
- Hospitals supervision agencies 
(MOH, MOI, and NGOs) 
- Hospitals management 
- Consulting engineering offices 
- Association of engineers 
- Donors 
 Participate all hospitals users in the planning 
and design phase of hospitals in order to 
determine all users requirements that need to 
be reached through hospitals planning and 
design, by conducting focus groups and 
workshops. 
- Hospitals supervision agencies 
(MOH, MOI, and NGOs) 
- Hospitals management 
- Consulting engineering offices 
 Pay care for hospital design and human 
responses through hospital planning and 
design. 
- Hospitals planners and designers 
- Hospitals supervision agencies 
(MOH, MOI, and NGOs) 
- Consulting engineering offices 
 Find alternatives to ergonomics equipment that 
match ergonomics concept as much as 
possible, in order to overcome the hard 
political and economic situation in Gaza Strip. 
 
 
- Hospitals supervision agencies 
(MOH, MOI, and NGOs) 
- Medical equipment engineers 




Table (5.1): Continued 
Recommendation 
Who are responsible for its 
implementation 
 Keep continuous communication between all 
project parties, in order to discuss and address 
any issue that may hinder ergonomics 
application. 
- Hospitals supervision agencies 
(MOH, MOI, and NGOs) 
- Hospitals management 
- Consulting engineering offices 
- Contractors 
 
5.4. Research benefits to knowledge and architecture, engineering and 
healthcare  
The value of this research lies in highlighting into ergonomics application in Gaza 
Strip in Palestine. The research has contributed to the architecture, engineering and 
construction industry, simplified as following: 
(1) The research will add to existing knowledge on hospitals planning and design 
by developing a clear understanding about ergonomics design factors 
application in hospitals in Gaza Strip. 
(2) The research provide a new framework to integrate ergonomics concept in 
hospitals planning and design projects. 
(3) The research has identified hospitals planners and designers’ awareness level 
of ergonomics design factors with regard to importance and application, the 
most valuable benefits of ergonomics application, as well as barriers that face 
implementing ergonomics design factors in hospitals planning and design 
projects in Gaza Strip. 
(4) The study has established a good platform for future researchers to identify 
meaningful ways of providing solutions to the barriers identified and facilitate 




(5) The outcomes of this research could also be used for appropriate education 
and awareness purposes. It could be integrated into the education programs, 
training courses, conferences, workshops to enhance the awareness of 
engineers regarding the importance of ergonomics. 
(6) Research findings could help MOH, MOI, and NGOs to explore the existence 
hospitals design problems that need to be addressed in order to improve 
safety, health, and performance of healthcare providers. 
5.5. Limitation and future studies 
Although the research was carefully prepared and has reached its aim, there were 
some unavoidable limitations, included: 
(1) The development of the research is based only on the quantitative method 
through questionnaire survey. 
(2) The findings are limited to the architecture, engineering and construction; and 
healthcare industries. 
(3) Previous studies related to ergonomics topic do not exist in Palestine, and 
almost non-existent in the surrounding region. 
Therefore, it is recommended that future researchers should specify more their 
studies in other types of buildings such as study ergonomics application in schools and 
universities buildings, factories and companies. Also, the study can be conducted on the 
construction phase focused in the safety, health, and performance of construction 
workers. In addition, a future researcher can conduct a study about drivers to ergonomics 
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Questionnaire survey about:  
Exploring Ergonomics Application in Hospitals Design and 
Construction Projects in Gaza Strip 
 
 Research aim: The research aimed to explore ergonomics application in hospitals 
planning and design projects in Gaza Strip, in order to improve safety, health, and 
performance of healthcare providers. 
 Target group: Architectural engineers who contributed in hospitals planning and 
design projects in Gaza Strip. 
 Ergonomics definition: The science of designing the job to fit the worker, by 
studying the work and the interaction between people and their work, where this 
interaction affects the performance and safety of workers. 
The questionnaire consists of four parts, and required to be filled with exact relevant 
facts as much as possible. All data included in this questionnaire will be used only for 
academic research and will be strictly confidential.  
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Part 1: General information 
 
 Please tick √ the appropriate option of the following question 
1 Educational level □Bachelor □Master □Doctorate 
2 Years of experience □Less than 5 
years 
□5- less than 
10 years 




3 Number of hospitals' 
planning and design projects 
that you participated  
□1- 3  □4- 6  □7- 9  □10 and 
more 










5 Average budget of hospitals' 
planning and design projects 














6 Type of organization where 








Part 2: Assess the awareness level of hospitals planners and designers about ergonomics 
design factors in hospitals' planning and design projects in Gaza Strip, according to their 
importance and application. 
 
 Below are some ergonomics design factors for hospitals' planning and design, from your 
experience please express the degree of importance and application of the following factors by tick √ 
































































General ergonomics design factor 
F1 Complete understanding of working system 
within hospital building. 



































































F2 Clear definition for building users and their 
requirements. 
          
F3 Participation of healthcare providers and 
patients in planning and design. 
          
F4 Written ergonomics program of the 
application mechanism. 
          
F5 The use of healthcare buildings design and 
ergonomics guidance. 
          
F6 Consulting experts of health and safety 
during planning and design phase. 
          
Spatial factor 
F7 The appropriate selection of space location 
and orientation for functionality. 
          
F8 The appropriate selection of space shape that 
provide smooth working. 
          
F9 Sufficient spaces dimensions and areas.           
F10 The appropriate height of spaces ceilings.           
F11 The appropriate dimensions of doors and 
windows openings. 
          
F12 Provide spaces for healthcare providers rest.           
F13 Achieve privacy in healthcare providers 
units. 
          
F14 Consider the design requirements for 
mechanical and electrical systems. 
          
F15 Consider the design requirements for fire-
fighting systems. 
          
F16 Consider the distribution of structural 
elements in spaces. 
 




































































F17 Reduce the distances traveled by healthcare 
providers during work. 
          
F18 Design corridors with appropriate 
dimensions so as not to hinder the movement 
and lead to congestion. 
          
F19 Provide adequate number of stairs and 
elevators according to the movement 
intensity and nature. 
          
F20 Study the entrances and exits of healthcare 
providers, especially in emergency situations 
to facilitate their work. 
          
F21 Provide ramps with appropriate dimensions 
and slopes. 
          
F22 The use of familiar wayfindings to determine 
spaces location.  
          
Interior design factor 
F23 Using the appropriate ergonomics furniture.           
F24 Furniture and devices arrangement            
F25 Using the appropriate colors.           
F26 Using the appropriate finishing materials.           
F27 The use of natural elements such as plants in 
spaces. 
          
F28 Provide areas for art pieces.            
Infection transmission control factor 



































































F30 Functional separation between outpatients, 
inpatients wards and diagnostic services 
areas. 
          
F31 Separation of critical areas from general 
traffic and air movements 
          
F32 Isolation of infection cases wards           
F33 Provision of adequate number of wash hand 
within patient care areas and nurse stations 
          
F34 Isolation of the waste removable circulation 
and its assembly places from wards and 
departments 
          
Exterior design factor 
F35 Planning and design hospital site paths to 
facilitate healthcare providers movements 
among building facilities. 
          
F36 Provide external open spaces for healthcare 
providers. 
          
F37 Provide sufficient number of parking for 
ambulances and healthcare providers cars.  
          
Environmental ergonomics design factor 
F38 Studying light within healthcare building 
spaces. 
          
F39 Studying all sounds types and find solutions 
for noise. 
          
F40 Studying air movement within healthcare 
building spaces. 
          
F41 Studying the temperature within healthcare 
building spaces to keep thermal comfort. 
          
F42 Studying humidity within healthcare building 
spaces. 



































































F43 Studying vibrations that occur due to the 
internal and external environment and find 
solutions. 




Part 3: Identify the benefits of ergonomics application in hospitals' planning and design 
projects in Gaza Strip. 
 
 Below are some benefits of ergonomics application in hospitals' planning and design, from 







































Benefits to healthcare providers 
BE1 Enhance good working conditions. 
 
     
BE2 Decrease healthcare providers stress.      
BE3 Reduce fatigue and pain related to work especially back and neck 
pain 
     
BE4 Improve healthcare providers safety, by reducing injuries and 
accidents 
     
BE5 Reduce medical errors that occurred by healthcare providers during 
their work. 
     
Benefits to patients 
BE6 Rapid healthcare services introducing to patients especially in 
emergency situation 
     









































BE8 Reduce patient stress      
Benefits to hospitals' management 
BE9 Increase healthcare providers satisfaction.      
BE10 Advance the organizational culture of safety.      
BE11 Improve the performance of healthcare providers, quality of 
services, and productivity. 
     
BE12 Reduce hospitals operational cost.      
BE13 Reduce losing time during work.      
BE14 Contribute to human sustainable development.      
 
 
Part 4: Investigate the barriers those face ergonomics application in hospitals' planning and 
design projects in Gaza Strip. 
 
 Below are some barriers to ergonomics application in hospitals' planning and design, from 



































BA1 The difficulty of understanding ergonomics nature which 
combined engineering, occupational safety, physical, physiology 
and environmental aspects. 
     
BA2 Lack of management adoption and commitment to support 
ergonomics application. 
     
BA3 Lack of management awareness about ergonomics benefits.      





































BA5 The absence of a leader who responsible for ergonomics 
application. 
     
BA6 Lack of engineers motivation for ergonomics application.      
BA7 Conflict between ergonomics and key performance indicators.      
BA8 The concentration in functionality and productivity, while safety 
issues were ignoring. 
     
BA9 The existence of many project parties with different views and 
goals. 
     
BA10 The difficulty in control and coordination between parties 
especially when a problem occurs due to the large project size. 
     
BA11 The absence of a clear contractual requirement for ergonomics 
application. 
     
BA12 The weakness of administrative monitoring for ergonomics 
application. 
     
BA13 Insufficient financial resources that required for ergonomics 
application. 
     
BA14 Lack of personal resources that required for ergonomics 
application. 
     
BA15 Low relative advantage of some ergonomics design factor versus 
resources need. 
     
BA16 The belief of ergonomics application needs additional resources 
that strain the project. 
     
BA17 Lack of ergonomics consideration in universities courses and 
training. 
     
BA18 Designers culture and their lack knowledge about ergonomics 
application. 
     
BA19 Limit understanding of hospitals design requirements and 
standards.  
     
BA20 Limit duration of hospitals planning and design phase.      
BA21 Lack of healthcare providers and patients participation in design 
phase. 





































BA22 Conflict between requirements and design criteria.      
BA23 Conflict between ergonomics design criteria and flexibility.      
BA24 Minimum space requirement dimensions versus limited areas.      
BA25 The large variety of furniture, equipment and room sizes.      
BA26 The existence of hospital buildings that need expanding.      
BA27 The existence of many hospitals design guidance and their 
differences from each other in design criteria. 
     
BA28 The need of some guidance for developing.      
BA29 Lack of using hospitals design guidance by designers because of 
their perception that they have sufficient experience to do better 
than the guidance. 
     
BA30 The use of guidance may loss deign freedom and limit creativity.      
BA31 The changes in hospitals design during tendering and construction 
without return to designers. 
     
BA32 Incompatible ergonomics design factor with the present norms 
and practices of hospitals design. 
     
BA33 Hard political and economic situation in Gaza Strip.      
 
















 غـــزة -الجامعـــــة اإلسالميـــــــة
 قسم الهندسة المدنية -كلية الهندسة




 استبيان خاص برسالة ماجستير بعنوان:
تطبيق هندسة العوامل البشرية في مشاريع تخطيط وتصميم المستشفيات في قطاع 
 غزة
 
 :الهدف الرئيسي من البحث 
، بهدف قطاع غزةتخطيط وتصميم المستشفيات في قييم مدى تطبيق هندسة العوامل البشرية في تيهدف البحث إلى 
 تحسين أمن، صحة، وأداء الكوادر الطبية.
 :الفئة المستهدفة 
 .يستهدف هذا االستبيان المهندسين المعماريين ممن شاركوا في مشاريع تخطيط وتصميم المستشفيات في قطاع غزة
 البشرية: تعريف هندسة العوامل 
هو علم تهيئة مواقع العمل بما يتناسب مع األبعاد البشرية للعاملين وقدراتهم الجسمانية والفكرية، من خالل دراسة 
 وفهم العالقة بين اإلنسان، اآللة، مكان وبيئة العمل، حيث تؤثر هذه العالقة على أداء العاملين وسالمتهم. 
لمطلوب تقييم فقرات االستبيان بكل دقة وموضوعية وفقاً لوجهة نظرك، يتكون هذا االستبيان من أربعة أجزاء، وا
علماً بأن البيانات التي سوف تقومون بذكرها ستستخدم فقط ألغراض البحث العلمي مع االلتزام التام بالمحافظة على 
 سرية ما ورد فيها.
 أطيب التحيات،،





 الجزء األول: معلومات عامة
 في الخانة المخصصة لذلك.)√( يرجى اختيار اإلجابة التي ترونها مناسبة بوضع إشارة 
 المؤهل العلمي للشخص المجيب: -1
 دكتوراه ماجستير بكالوريوس     
 
 عدد سنوات الخبرة الخاصة بالشخص المجيب: -2
 سنوات 01أقل من  -5 سنوات 5أقل من 
 سنة فأكثر 05 سنة 05أقل من  -01
 
 عدد المشاريع الخاصة بقطاع الصحة التي شاركت خاللها في مرحلة التخطيط والتصميم: -3
 مشاريع 6 -4 مشاريع 3 -0
 مشاريع فأكثر 01 مشاريع  9 -7
 
)في حال وجود أكثر المباني الصحية )مستشفيات(:  المسمى الوظيفي للشخص المجيب أثناء مشاركته في تصميم -4
 من إجابة قم بترتيب تلك المسميات تنازلياً وفقاً لمدة المشروع( 
 مدير مشروع مدير مؤسسة 
 مهندس مكتب منسق مشروع
 
متوسط موازنة المشروع الواحد )بالدوالر األمريكي( الخاص بقطاع الصحة الذي شاركت خالله في مرحلة  -5
 ط والتصميم:التخطي
 مليون 0أقل من  -ألف 511من  ألف  511أقل من 
 مليون فأكثر 2 مليون 2أقل من  -0
 
)في حال وجود أكثر من إجابة قم بترتيب نوع المؤسسة التي كنت تعمل بها خالل مشاركتك في المشاريع الصحية:  -6
   تلك المؤسسات تنازلياً وفقاً لخبرتها في المشاريع الصحية(
 مؤسسات المجتمع المدني  ارة الصحة )اإلدارة العامة للهندسة والصيانة(وز









 الجزء الثاني: عناصر تطبيق هندسة العوامل البشرية في تخطيط وتصميم المستشفيات
 بشرية في مرحلة تخطيط وتصميم المستشفيات. من خالل خبرتكم العملية الفقرات التالية تتعلق بعناصر تطبيق هندسة العوامل ال
 في الخانة المخصصة لذلك.)√( الرجاء تحديد درجة أهميتها باإلضافة إلى درجة تطبيقها بالفعل بوضع إشارة 
 تطبيق هندسة العوامل البشرية ناصرع م.
































































           الفهم الكامل لنظام العمل وعناصره داخل المبنى.  -0
           التحديد الواضح لمستخدمي المبنى ومتطلباتهم.  -2
           في مرحلة التخطيط والتصميم. مشاركة مستخدمو المبنى  -3
           لية تطبيق هندسة العوامل البشرية.آإعداد برنامج مكتوب خاص ب  -4
           استخدام المراجع التوجيهية الخاصة بتصميم المباني الصحية.  -5
           االستعانة بمختصين في مجال الصحة والسالمة أثناء عملية التصميم.  -6
 عناصر مكانية
           مع الوظيفة. ناسبالمناسب للفراغات بما يت برتيالموقع والتاختيار   -7
           .بحيث ال يعيق العمل داخلها للفراغات اختيار الشكل المناسب  -8
           .األبعاد والمساحات الكافيةب تصميم الفراغات  -9
           مراعاة ارتفاع أسقف الفراغات والممرات.  -01
           الخاصة باألبواب والشبابيك.الفتحات واتجاه مراعاة أبعاد   -00
           خاصة بالطواقم الطبية لالستراحة. توفير فراغات  -02
           .في وحدات الطواقم الطبية والفراغات الخاصة بهمالخصوصية تحقيق   -03
           مراعاة المتطلبات التصميمية الخاصة باألنظمة الميكانيكية والكهربائية.  -04
           المتطلبات التصميمية الخاصة بأنظمة مكافحة الحريق.مراعاة   -05
           مراعاة توزيع العناصر اإلنشائية داخل الفراغات بحيث ال يعيق العمل داخلها.  -06
 عناصر مكانية خاصة بالحركة الداخلية
           تقليص المسافات التي تقطعها الطواقم الطبية أثناء العمل داخل فراغات المبنى.  -07
           تصميم الممرات باألبعاد المناسبة بحيث ال تعيق الحركة وتؤدي لالزدحام.   -08




 تطبيق هندسة العوامل البشرية ناصرع م.































































           ها.دراسة مداخل ومخارج الطواقم الطبية خاصة في حاالت الطوارئ لتسهيل عمل  -21
           توفير المنحدرات عند المداخل بالميول واألبعاد المناسبة.  -20






          
 عناصر مكانية خاصة بالتصميم الداخلي
           استخدام األثاث المناسب ألبعاد اإلنسان.  -23
           .يضمن سالسة العملما ب داخل الفراغات واألجهزة الطبية ترتيب األثاث  -24
           .داخل الفراغاتاستخدام األلوان المناسبة   -25
           استخدام المواد المناسبة في تشطيب الفراغات بما يتالءم مع الوظيفة.  -26
           فراغات.الداخل  كالنباتات استخدام العناصر الطبيعية  -27
           .في بعض الفراغات القطع الفنية وجود أماكن مخصصة لوضع  -28
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           بما يحقق الراحة الحرارية. المحافظة على درجة حرارة الفراغات  -40
           المحافظة على درجة الرطوبة المناسبة داخل الفراغات.  -42
           .بيئة الداخلية والخارجية ومعالجتهااالهتزازات الناتجة عن الدراسة   -43
  الفقرات التالية تتعلق بفوائد تطبيق هندسة العوامل البشرية في مرحلة تخطيط وتصميم المستشفيات، من خالل خبرتكم العملية
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 فوائد خاصة بالطواقم الطبية
      .خلق بيئة عمل جيدة  -0
      .ناء العملالتقليل من الضغوطات المختلفة على أفراد الطواقم الطبية التي قد تواجهها أث  -2
      .التقليل من آالم الظهر التي قد يعاني منها العاملون نتيجة مساعدة المريض على الحركة  -3
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 .الطواقم الطبية أثناء العمل
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      .الخدمات الطبية المقدمةتحسين جودة   -00
      .التشغيلية تكلفةالتقليل   -02
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 .العاملين
     
 
 الجزء الثالث: معيقات تطبيق هندسة العوامل البشرية في تخطيط وتصميم المستشفيات
 رتكم العملية الفقرات التالية تتعلق بمعيقات تطبيق هندسة العوامل البشرية في مرحلة تخطيط وتصميم المستشفيات، من خالل خب
 في الخانة المخصصة لذلك.)√( الرجاء تحديد درجة القوة بوضع إشارة 


























صعوبة فهم هندسة العوامل البشرية التي تجمع بين أكثر من جانب )الفيزيائي، البيئي،   -0
 ، النفسي والفكري( من قبل إدارة المشروع.الجسماني
     
      غياب االلتزام الحقيقي من قبل إدارة المشروع بتطبيق هندسة العوامل البشرية.  -2
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      صعوبة التحكم والتنسيق بين األطراف خاصة عند ظهور مشاكل لكبر حجم المشروع.  -01
      ود الهندسية.غياب البنود الخاصة بتطبيق هندسة العوامل البشرية في العق  -00
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 Research aim: The research aimed to explore ergonomics application in hospitals 
planning and design projects in Gaza Strip, in order to improve safety, health, and 
performance of healthcare providers. 
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Part 1: General information 
 
 Please tick √ the appropriate option of the following question 
1 Hospital name ……………………………… 
2 Hospital type □ General 
hospital 
□ Specialist hospital 





4 Hospital age □ Less than 5 
years 
□5- less than 
10 years 




5 Educational level □ Diploma □ Bachelor □ Master □ Doctorate 
6 Position □ Nurse □ Doctor 
7 Years of experience of the 
respondent 
□ Less than 5 
years 
□ 5- less than 
10 years 




8 Age of respondent □ Less than 
25 years 
□ 25- less 
than 35 years 
□ 35- less 
than 45 years 
□ 45 years 
and more 
 
Part 2: Evaluate ergonomics application in the existence Gaza city hospitals from the 
perspective of healthcare providers 
 
1. Did you involve in determining the design requirements of hospital spaces? 
                          □ No 
                     □ Yes 
 
 
2. Do you find it difficult to work in some hospital spaces? 









 Below are some ergonomics design factors, from your existence in this hospital, please specify 














































FH1 Spaces location and arrangement are suitable for functionality.      
FH2 Space shape and layout is suitable to provide smooth working.      
FH3 Spaces dimensions and areas are sufficient.      
FH4 The heights of spaces ceilings are suitable.      
FH5 The dimensions and directions of doors and windows openings are 
suitable. 
     
FH6 The areas of spaces for healthcare providers rest are sufficient.      
FH7 The privacy is achieved in healthcare providers units.      
FH8 The existence electrical system is secure.       
FH9 The existence fire-fighting system is effective.      
FH10 The existence distribution of structural elements in spaces is 
suitable.  
     
Circulation factors 
FH11 Healthcare providers are walking short distances during their work.      
FH12 Hospital corridors have appropriate dimensions that facilitate 
movement and reduce congestion. 
     
FH13 The areas and number of stairs and elevators are suitable for 
movement intensity. 
     
FH14 The existence entrances and exits of healthcare providers, 
especially in emergency situations can facilitate their work. 
     
FH15 The existence ramps slopes and number are suitable.      





















































Interior design  
FH17 Ergonomics furniture is available.      
FH18 The furniture and devices arrangement are suitable for smooth 
working. 
     
FH19 The color of spaces is suitable for its function.      
FH20 The finishing materials of spaces is suitable for their functions.      
FH21 Natural elements are available in the hospital spaces.      
FH22 Areas for art pieces are available in the hospital spaces.      
Infection control factors 
FH23 Critical areas are separate from general traffic and air movements.      
FH24 Isolation of infection cases wards are existence in the hospital.      
FH25 Outpatients, inpatients wards and diagnostic services areas are 
separate according Functionality. 
     
FH26 Wash hand within patient care areas and nurse stations are 
sufficient. 
     
FH27 The work of cleanliness and maintenance is easy in the hospital.      
Exterior design factors 
FH28 Healthcare providers can transfer from one healthcare building to 
anther during external movement paths that around the building. 
     
FH29 There is an external open space for healthcare providers.      
FH30 The existence parking for ambulances and healthcare providers 




     
Environmental ergonomics design factors 
FH31 The light within healthcare building spaces is suitable for its 
functions. 
     
















































FH33 Air movement and quality within healthcare building spaces is 
suitable. 
     
FH34 The temperature within healthcare building spaces is suitable for 
healthcare providers. 
     
FH35 The humidity within healthcare building spaces is suitable for its 
functions. 
     
FH36 Healthcare providers are not exposed to vibrations as a result from 
the internal and external environment.  
     
 





















 غـــزة -الجامعـــــة اإلسالميـــــــة
 قسم الهندسة المدنية -كلية الهندسة




 استبيان خاص برسالة ماجستير بعنوان:
تطبيق هندسة العوامل البشرية في مشاريع تخطيط وتصميم المستشفيات في قطاع 
 غزة
 
 :الهدف الرئيسي من البحث 
، بهدف قطاع غزةتخطيط وتصميم المستشفيات في قييم مدى تطبيق هندسة العوامل البشرية في تيهدف البحث إلى 
 تحسين أمن، صحة، وأداء الكوادر الطبية.
 :الفئة المستهدفة 
 الكوادر الطبية من الممرضين واألطباء العاملين في مستشفيات مدينة غزة.
 :تعريف هندسة العوامل البشرية 
مل بما يتناسب مع األبعاد البشرية للعاملين وقدراتهم الجسمانية والفكرية، من خالل دراسة هو علم تهيئة مواقع الع
 وفهم العالقة بين اإلنسان، اآللة، مكان وبيئة العمل، حيث تؤثر هذه العالقة على أداء العاملين وسالمتهم. 
موضوعية وفقاً لوجهة نظرك، علماً بأن ، والمطلوب تقييم فقرات االستبيان بكل دقة ونيتكون هذا االستبيان من جزئي
البيانات التي سوف تقومون بذكرها ستستخدم فقط ألغراض البحث العلمي مع االلتزام التام بالمحافظة على سرية ما 
 ورد فيها.
 أطيب التحيات،،





 الجزء األول: معلومات عامة
 في الخانة المخصصة لذلك.)√( يرجى اختيار اإلجابة التي ترونها مناسبة بوضع إشارة 
 .                                                      :ؤسسة الصحية التي تعمل بهااسم الم -1
 
 نوع المؤسسة الصحية التي تعمل بها: -2
 
 أخرى        مستشفى تخصصي                             مستشفى عام
 
 الجهة التي تشرف على المؤسسة الصحية التي تعمل بها: -3
 
 مؤسسات المجتمع المدني        وزارة الداخلية واألمن الوطني                     وزارة الصحة     
 :تم إنشاء المستشفى منذ -4
 
 سنوات 01أقل من  -5 سنوات 5أقل من 
 سنة فأكثر 21 سنة 21أقل من  -01
 









 عدد سنوات الخبرة الخاصة بالشخص المجيب: -7
 
 سنوات 01أقل من  -5 سنوات 5أقل من 
 سنة فأكثر 05 سنة 05أقل من  -01
 
 الشخص المجيب: عمر -8
 
 سنة 35أقل من  -25 سنة 25أقل من 






 الجزء الثاني: درجة تطبيق هندسة العوامل البشرية في المستشفيات القائمة في غزة
 
 هل شاركت سابقا  في تحديد المتطلبات التصميمية للفراغات التي تعمل بها في المستشفى؟ -1
 
 ال عمن      
 
 هل تجد صعوبة في العمل داخل بعض األماكن والغرف؟ -2
 
 الأحيانا                                      نعم
 ( هناك العديد من عناصر تطبيق هندسة العوامل البشريةErgonomics ويمكن من خالل تطبيقها أن تسهل عمل الطواقم الطبية )
ة أدائهم. الفقرات التالية تتعلق بعناصر تطبيق هندسة العوامل البشرية في المستشفيات، داخل الفراغات وتزيد من سالمتهم وجود
في الخانة المخصصة )√( من خالل عملكم اليومي داخل الفراغات الرجاء تحديد مدى موافقتكم على الفقرات التالية بوضع إشارة 
 لذلك.


































      .والترتيب الحالي للغرف والفراغات التي تعمل بها يتناسب مع الغرض الوظيفي الموقع  -0
      .يعيقهالهندسي الحالي للغرف والفراغات يتناسب مع طبيعة العمل وال  الشكل  -2
      .ة للعمل داخل الفراغات مناسبة وكافية للعمل بأريحيةوالمساحات الحالية المخصص األبعاد  -3
      .الحالية ألسقف الغرف والممرات مناسبة لحركة األفراد وال تعيق عملهم االرتفاعات  -4
      .الحالية واتجاهات فتحات األبواب والشبابيك مناسبة وال تعيق العمل األبعاد  -5
      .راحة الطواقم الطبية كافيةالغرف والفراغات المخصصة الست مساحات  -6
       .الخصوصية في غرف ومراكز الطواقم الطبية الحالية تتحقق  -7
      .الحماية الحالي لشبكات الكهرباء في المستشفى آمن وفعال نظام  -8
      .مكافحة الحريق الحالي في المستشفى مناسب وفعال نظام  -9
 ائية داخل الغرف والفراغات مناسب حيث أنها ال تظهرالحالي لألعمدة والعناصر اإلنش التوزيع  -01
 .في المساحات الخاصة بالعمل أو تعيق الحركة
     
 عناصر مكانية خاصة بالحركة الداخلية
      .أفراد الطواقم الطبية أثناء التنقل بين فراغات المستشفى مسافات قصيرة يسير  -00
       .وال تعيق الحركة وتحد من االزدحام الحالية للممرات في المستشفى مناسبة األبعاد  -02





































      .والمخارج الحالية للطواقم الطبية تسهل العمل في حاالت الطوارئ المداخل  -04
 عند مدخل المستشفى كافية منالحالية لذوي االحتياجات الخاصة واألسرة المتنقلة  المنحدرات  -05
 .حيث العدد
     
 واإلشارات التي تحدد أماكن الفراغات كافية وتسهل التنقل والوصول إلى الجهة الرموز  -06
 .المطلوبة
     
 عناصر مكانية خاصة بالتصميم الداخلي
      .المستشفى الحالي يتناسب مع أبعاد اإلنسان أثاث  -07
      .ل الفراغات مرتبة بشكل يضمن سالسة العمل وسالمة العاملينواألجهزة الطبية داخ األثاث  -08
      .الحالية المستخدمة داخل الفراغات مالئمة لطبيعة الوظيفة التي تؤدى داخلها األلوان  -09
 الحالية المستخدمة في تشطيب جدران وأرضيات الفراغات مالئمة لطبيعة الوظيفة التي المواد  -21
 .تؤدى داخلها
     
      .الطبيعية كالنباتات متوفرة داخل الفراغات عناصرال  -20
      .المخصصة لوضع القطع الفنية متوفرة داخل الفراغات األماكن  -22
 عناصر مكانية خاصة بالتحكم في انتقال العدوى
      .الحرجة كوحدات العناية المركزة مفصولة عن حركة العامة الفراغات  -23
      .راض المعدية متوفرة داخل المستشفىعزل المرضى من ذوي األم غرف  -24
الخاصة بالعيادات الخارجية، عنابر المرضى، فراغات التشخيص والمعالجة مفصولة  الفراغات  -25
 .بعضها البعض عن
     
      .وحدات التعقيم الخاصة بالطواقم الطبية الحالية كافية ومناسبة للوظيفة أعداد  -26
      .لفراغات تتم بسهولةالصيانة والتنظيف داخل ا أعمال  -27
 عناصر خاصة بتصميم المساحات الخارجية
 أفراد الطواقم الطبية من مبنى إلى آخر بسهولة عبر مسارات حركة خارجية محيطة ينتقل  -28
 .بالمبنى خاصة في المجمعات الطبية
     
      .جزء خاص بالطواقم الطبية في الحديقة الخارجية الخاصة بالمستشفى يوجد  -29
      .حيث األعداد والمساحات المواقف الحالية لسيارات االسعاف والطواقم الطبية مناسبة من  -31
 يةبيئ عناصر
      .تؤدى داخلها التياإلضاءة الحالي في الفراغات يتناسب مع الوظائف  توزيع  -30





































      .الهواء داخل الفراغات مناسبة وال تعيق عمل الطواقم الطبية حركة  -33
      .حرارة الفراغات داخل المستشفى مناسبة للطواقم الطبية العاملة درجة  -34
      .الرطوبة في فراغات المستشفى مناسبة للوظائف التي تؤدى داخلها درجة  -35
      .تجة عن البيئة الداخلية والخارجيةأفراد الطواقم الطبية لالهتزازات النا يتعرض  -36
 
 









Correlation Coefficient of Hospitals 






Table E1: Correlation coefficient of each ergonomics design factors importance and application in 













General ergonomics design factors 
F1 Complete understanding of working 
system within hospital building. 
0.342 0.028* 0.792 0.000* 
F2 Clear definition for building users and 
their requirements. 
0.696 0.000* 0.787 0.000* 
F3 Participation of healthcare providers and 
patients in planning and design. 
0.651 0.000* 0.622 0.000* 
F4 Written ergonomics program of the 
application mechanism. 
0.749 0.000* 0.596 0.000* 
F5 The use of healthcare buildings design 
and ergonomics guidance. 
0.530 0.001* 0.694 0.000* 
F6 Consulting experts of health and safety 
during planning and design phase. 
0.623 0.000* 0.720 0.000* 
Physical ergonomics design factors 
Spatial factors 
F7 The appropriate selection of space 
location and orientation for functionality. 
0.367 0.019* 0.700 0.000* 
F8 The appropriate selection of space shape 
that provide smooth working. 
0.646 0.000* 0.732 0.000* 
F9 Sufficient spaces dimensions and areas. 0.525 0.001* 0.702 0.000* 
F10 The appropriate height of spaces ceilings. 0.709 0.000* 0.801 0.000* 
F11 The appropriate dimensions of doors and 
windows openings. 
0.645 0.000* 0.813 0.000* 
F12 Provide spaces for healthcare providers 
rest. 
0.528 0.001* 0.624 0.000* 
F13 Achieve privacy in healthcare providers 
units. 
0.284 0.050* 0.524 0.001* 
F14 Consider the design requirements for 
mechanical and electrical systems. 
0.610 0.000* 0.800 0.000* 
F15 Consider the design requirements for fire-
fighting systems. 

















F16 Consider the distribution of structural 
elements in spaces. 
0.639 0.000* 0.781 0.000* 
Circulation factors 
F17 Reduce the distances traveled by 
healthcare providers during work. 
0.704 0.000 0.678 0.000* 
F18 Design corridors with appropriate 
dimensions so as not to hinder the 
movement and lead to congestion. 
0.690 0.000 0.726 0.000* 
F19 Provide adequate number of stairs and 
elevators according to the movement 
intensity and nature. 
0.660 0.000 0.690 0.000* 
F20 Study the entrances and exits of 
healthcare providers, especially in 
emergency situations to facilitate their 
work. 
0.698 0.000 0.857 0.000* 
F21 Provide ramps with appropriate 
dimensions and slopes. 
0.712 0.000 0.842 0.000* 
F22 The use of familiar way findings to 
determine spaces location.  
0.850 0.000 0.702 0.000* 
Interior design factors 
F23 Using the appropriate ergonomics 
furniture. 
0.626 0.000* 0.746 0.000* 
F24 Furniture and devices arrangement  0.654 0.000* 0.886 0.000* 
F25 Using the appropriate colors. 0.704 0.000* 0.803 0.000* 
F26 Using the appropriate finishing materials. 0.371 0.018* 0.790 0.000* 
F27 The use of natural elements such as 
plants in spaces. 
0.680 0.000* 0.663 0.000* 
F28 Provide areas for art pieces.  0.553 0.001* 0.377 0.017* 
Infection transmission control factors 
F29 Cleanliness and ease of maintenance. 0.667 0.000* 0.809 0.000* 
F30 Functional separation between outpatients, 
inpatients wards and diagnostic services 
areas. 

















F31 Separation of critical areas from general 
traffic and air movements 
0.627 0.000* 0.748 0.000* 
F32 Isolation of infection cases wards 0.640 0.000* 0.746 0.000* 
F33 Provision of adequate number of wash 
hand within patient care areas and nurse 
stations 
0.604 0.000* 0.822 0.000* 
F34 Isolation of the waste removable 
circulation and its assembly places from 
wards and departments 
0.601 0.000* 0.813 0.000* 
Exterior design factors 
F35 Planning and design hospital site paths to 
facilitate healthcare providers movements 
among building facilities. 
0.644 0.000* 0.904 0.000* 
F36 Provide external open spaces for 
healthcare providers. 
0.594 0.000* 0.850 0.000* 
F37 Provide sufficient number of parking for 
ambulances and healthcare providers 
cars.  
0.791 0.000* 0.769 0.000* 
Environmental ergonomics design factors 
F38 Studying light within healthcare building 
spaces. 
0.765 0.000* 0.663 0.000* 
F39 Studying all sounds types and find 
solutions for noise. 
0.581 0.000* 0.777 0.000* 
F40 Studying air movement within healthcare 
building spaces. 
0.618 0.000* 0.805 0.000* 
F41 Studying the temperature within 
healthcare building spaces to keep 
thermal comfort. 
0.729 0.000* 0.854 0.000* 
F42 Studying humidity within healthcare building 
spaces. 
0.620 0.000* 0.858 0.000* 
F43 Studying vibrations that occur due to the 
internal and external environment and find 
solutions. 
0.568 0.000* 0.861 0.000* 




Table E2: Correlation coefficient of each benefits of ergonomics application in hospitals' planning 







Benefits to healthcare providers 
BE1 Enhance good working conditions. 
 
0.417 0.009* 
BE2 Decrease healthcare providers stress. 0.510 0.001* 
BE3 Reduce fatigue and pain related to work especially back and 
neck pain 
0.379 0.016* 
BE4 Improve healthcare providers safety, by reducing injuries and 
accidents 
0.758 0.000* 
BE5 Reduce medical errors that occurred by healthcare providers 
during their work. 
0.757 0.000* 
Benefits to patients 
BE6 Rapid healthcare services introducing to patients especially in 
emergency situation 
0.842 0.000* 
BE7 Patient safety 0.852 0.000* 
BE8 Reduce patient stress 0.728 0.000* 
Benefits to hospital management 
BE9 Increase healthcare providers satisfaction. 0.623 0.000* 
BE10 Advance the organizational culture of safety. 0.461 0.004* 
BE11 Improve the performance of healthcare providers, quality of 
services, and productivity. 
0.681 0.000* 
BE12 Reduce hospitals operational cost. 0.609 0.000* 
BE13 Reduce losing time during work. 0.462 0.004* 
BE14 Contribute to human sustainable development. 0.678 0.000* 





Table E3: Correlation coefficient of each barriers to ergonomics application in hospitals planning 








BA1 The difficulty of understanding ergonomics nature which 
combined engineering, occupational safety, physical, physiology 
and environmental aspects. 
0.705 0.000* 
BA2 Lack of management adoption and commitment to support 
ergonomics application. 
0.806 0.000* 
BA3 Lack of management awareness about ergonomics benefits. 0.580 0.000* 
BA4 The absence of ergonomics plan or program for implementation. 0.519 0.001* 
BA5 The absence of a leader who responsible for ergonomics 
application. 
0.621 0.000* 
BA6 Lack of engineers motivation for ergonomics application. 0.715 0.000* 
BA7 Conflict between ergonomics and key performance indicators. 0.368 0.019* 
BA8 The concentration in functionality and productivity, while safety 
issues were ignoring. 
0.642 0.000* 
BA9 The existence of many project parties with different views and 
goals. 
0.359 0.022* 
BA10 The difficulty in control and coordination between parties 
especially when a problem occurs due to the large project size. 
0.445 0.005* 
BA11 The absence of a clear contractual requirement for ergonomics 
application. 
0.566 0.000* 
BA12 The weakness of administrative monitoring for ergonomics 
application. 
0.608 0.000* 
BA13 Insufficient financial resources that required for ergonomics 
application. 
0.585 0.000* 
BA14 Lack of personal resources that required for ergonomics 
application. 
0.594 0.000* 
BA15 Low relative advantage of some ergonomics design factor versus 
resources need. 
0.608 0.000* 
BA16 The belief of ergonomics application needs additional resources 

























BA17 Lack of ergonomics consideration in universities courses and 
training. 
0.421 0.008* 
BA18 Designers culture and their lack knowledge about ergonomics 
application. 
0.583 0.000* 
BA19 Limit understanding of hospitals design requirements and 
standards.  
0.561 0.000* 
BA20 Limit duration of hospitals planning and design phase. 0.700 0.000* 
BA21 Lack of healthcare providers and patients participation in design 
phase. 
0.369 0.019* 
BA22 Conflict between requirements and design criteria. 0.681 0.000* 
BA23 Conflict between ergonomics design criteria and flexibility. 0.639 0.000* 
BA24 Minimum space requirement dimensions versus limited areas. 0.529 0.001* 
BA25 The large variety of furniture, equipment and room sizes. 0.545 0.001* 
BA26 The existence of hospital buildings that need expanding. 0.534 0.001* 
BA27 The existence of many hospitals design guidance and their 
differences from each other in design criteria. 
0.839 0.000* 
BA28 The need of some guidance for developing. 0.683 0.000* 
BA29 Lack of using hospitals design guidance by designers because of 
their perception that they have sufficient experience to do better 
than the guidance. 
0.788 0.000* 
BA30 The use of guidance may loss deign freedom and limit creativity. 0.679 0.000* 
BA31 The changes in hospitals design during tendering and 
construction without return to designers. 
0.754 0.000* 
BA32 Incompatible ergonomics design factor with the present norms 
and practices of hospitals design. 
0.805 0.000* 
BA33 Hard political and economic situation in Gaza Strip. 0.859 0.000* 






















Table F1: Correlation coefficient of each ergonomics design factors application in the existence 








FH1 Spaces location and arrangement are suitable for 
functionality. 
0.710 0.000* 
FH2 Space shape and layout is suitable to provide smooth 
working. 
0.705 0.000* 
FH3 Spaces dimensions and areas are sufficient. 0.601 0.000* 
FH4 The heights of spaces ceilings are suitable. 0.448 0.000* 
FH5 The dimensions and directions of doors and windows 
openings are suitable. 
0.558 0.000* 
FH6 The areas of spaces for healthcare providers rest are 
sufficient. 
0.574 0.000* 
FH7 The privacy is achieved in healthcare providers units. 0.676 0.000* 
FH8 The existence electrical system is secure.  0.566 0.000* 
FH9 The existence fire-fighting system is effective. 0.505 0.000* 
FH10 The existence distribution of structural elements in spaces 
is suitable.  
0.566 0.000* 
Circulation factors 
FH11 Healthcare providers are walking short distances during 
their work. 
0.669 0.000* 
FH12 Hospital corridors have appropriate dimensions that 
facilitate movement and reduce congestion. 
0.665 0.000* 
FH13 The areas and number of stairs and elevators are suitable 
for movement intensity. 
0.697 0.000* 
FH14 The existence entrances and exits of healthcare providers, 
especially in emergency situations can facilitate their work. 
0.669 0.000* 
FH15 The existence ramps slopes and number are suitable. 0.760 0.000* 
FH16 The existence wayfinding are familiar and facilitate 
movement. 
0.669 0.000* 
Interior design factors 
FH17 Ergonomics furniture is available. 0.772 0.000* 













FH19 The color of spaces is suitable for its function. 0.691 0.000* 
FH20 The finishing materials of spaces is suitable for their 
functions. 
0.724 0.000* 
FH21 Natural elements are available in the hospital spaces. 0.692 0.000* 
FH22 Areas for art pieces are available in the hospital spaces. 0.702 0.000* 
Infection transmission control factors 
FH23 Critical areas are separate from general traffic and air 
movements. 
0.627 0.000* 
FH24 Isolation of infection cases wards are existence in the 
hospital. 
0.569 0.000* 
FH25 Outpatients, inpatients wards and diagnostic services areas 
are separate according Functionality. 
0.745 0.000* 
FH26 Wash hand within patient care areas and nurse stations are 
sufficient. 
0.707 0.000* 
FH27 The work of cleanliness and maintenance is easy in the 
hospital. 
0.650 0.000* 
Exterior design factors 
FH28 Healthcare providers can transfer from one healthcare 
building to anther during external movement paths that 
around the building. 
0.786 0.000* 
FH29 There is an external open space for healthcare providers. 0.782 0.000* 
FH30 The existence parking for ambulances and healthcare 





Environmental ergonomics design factors 
FH31 The light within healthcare building spaces is suitable for 
its functions. 
0.664 0.000* 
FH32 The hearing sounds in the hospital are not consider noisy. 0.458 0.000* 
FH33 Air movement and quality within healthcare building 
spaces is suitable. 
0.762 0.000* 
FH34 The temperature within healthcare building spaces is 
suitable for healthcare providers. 
0.820 0.000* 
FH35 The humidity within healthcare building spaces is suitable 













FH36 Healthcare providers are not exposed to vibrations as a 
result from the internal and external environment.  
0.561 0.000* 
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